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PEEFACE. 


The  design  of  this  work  is  to  offer  to  the  student  commencing 
the  study  of  Chemistry  an  outline  of  the  general  principles 
of  that  science,  and  a  history  of  the  more  important  among  the 
very  numerous  bodies  which  Chemical  Investigations  have 
'made  known  to  us.  It  has  no  pretensions  to  be  considered  a 
complete  treatise  on  the  subject,  but  is  intended  to  serve  as  an 
introduction  to  the  larger  and  more  comprehensive  systematic 
works  in  our  own  language-and  in  those  of  the  Continent;  and 
especially  to  prepare  the  student  for  the  perusal  of  original 
memoirs,  which,  in  conjunction  with  practical  instruction  in 
the  laboratory,  can  alone  afford  a  real  acquaintance  with  the 
spirit  of  research  and  the  resources  of  Chemical  Science. 

The  first  three  editions  were  prepared  by  the  Author,  the  third 
being  nearly  completed  shortly  before  his  death  in  January 
1849,  and  published  at  the  beginning  of  the  following  year, 
under  the  editorship  of  his  friend,  the  late  Dr.  H.  Bence  Jones. 

In  the  six  following  editions,  which  were  edited  by  Dr. 
Bence  Jones  and  Dr.  Hofmann,  a  large  amount  of  new  and 
important  matter  was  added  j  and  in  the  tenth  edition  (1868),  by 
Dr.  Bence  Jones  and  the  present  Editor,  it  was  found  necessary, 
in  consequence  of  the  rapid  advance  of  the  science,  and  the  great 
changes  which  had  taken  place  in  the  entire  system  of  Chemical 
Philosophy,  to  make  considerable  alterations  and  additions  in 
almost  every  part  of  the  work. 

The  chapter  on  the  General  Principles  of  Chemical  Philo- 
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sopty  was  accordingly  re-written ;  considerable  additions  were 
made  to  the  descriptions  of  the  metals,  especially  those  of  rarer 
occm-rence;  and  the  distinguishing  reactions  of  the  several 
metals  were  given  more  fully  than  in  former  editions.  The 
greater  part  of  the  Organic  Chemistry  was  also  re-written, 
especially  the  sections  relating  to  the  Hydrocarbons,  Alcohols, 
and-  Acids,  and  the  compounds  belonging  to  each  of  these 
groups  were  arranged  in  series. 

In  the  last  edition,  a  considerable  amount  of  new  matter 
was  added,  chiefly  relating  to  Organic  Chemistry;  and  as  these 
additions  are  continually  increasing,  it  has  been  found 
necessary,  in  the  present  edition,  to  divide  the  work  into  two 
volumes,  the  first  including  Chemical  Physics  and  Inorganic 
Chemistry,  and  the  second  being  devoted  to  Organic  Chemistry. 

The  plan  adopted  by  the  Author  of  describing,  the  non- 
metallic  elements  and  their  compounds  with  one  another, 
before  entering  upon  the  discussion  of  the  general  principles  of 
Chemical  Philosophy,  is  retained,  as  the  understanding  of 
these  General  Principles  is  greatly  facilitated  by  the  previous 
study  of  a  number  of  special  instances  of  their  application; 
but  a  short  statement  of  the  most  important  Laws  of  Chemical 
Combination,  and  of  the  fundamental  principles  of  the  Atomic 
Theory,  is  given  immediately  after  the  description  of  the  com- 
ptDunds  of  oxygen,  in  order  to  introduce  the  student  as  soon 
as  possible  to  the  expression  of  chemical  combinations  and 
reactions  by  Symbolic  Notation. 

The  Weights  and  Measures  used  are  those  of  the  French 
Decimal  System.  Temperatures  are  expressed  in  the  Centigrade 
Scale,  except  where  the  contrary  is  stated.  A  comparative 
Table  of  the  Centigrade  and  Pahrettlieit  Scales  is  given  at  the 
end  of  the  first  volume. 

HENEY  WATTS. 

London,  February  1877. 
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VOL.  I.— PHYSICAL  AND  INORGANIC. 


INTRODUCTION. 

The  Science  of  Chemistry  has  for  its  object  the  study  of  the  natui'e 
and  properties  of  all  the  materials  which  enter  into  the  composition 
or  structure  of  the  earth,  the  sea,  and  the  air,  and  of  the  various 
organised  or  living  beings  which  inhabit  them.  Every  object 
accessible  to  man  is  thus  embraced  by  the  wide  circle  of  Chemical 
Science. 

In  ordinary  scientific  speech  the  term  chemical  is  applied  to 
changes  which  permanently  affect  the  properties  or  characters  of 
bodies,  in  opposition  to  effects  termed  physical,  which  are  not 
attended  by  such  consequences.  Changes  of  decomposition  or  com- 
bination are  thus  easfly  distinguished  from  those  temporarily 
brought  about  by  heat,  electricity,  magnetism,  and  the  atti-active 
forces,  whose  laws  and  effects  He  within  the  province  of  Physics  or 
Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visil^le  world  are  of  a 
compound  nature,  being  chemical  compounds,  or  variously  disposed 
mixtures  of  chemical  compounds,  capable  of  being  resolved  into 
simpler  forms  of  matter.  Thus,  a  piece  of  limestone  or  marble,  by 
the  application  of  a  red  heat,  is  decomposed  into  quicklime  and  a 
ga'icous  body,  carbon  dioxide.  Both  lime  and  carbon  dioxide  are 
in  their  turn  susceptible  of  decomposition,  the  former  into  calcium 
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and  oxygen,  the  latter  into  carbon  and  oxygen.  For  this  purpose, 
however,  simple  heat  does  not  suffice,  the  resolution  of  these  sub- 
stances into  their  components  demanding  the  exertion  of  a  high 
degree  of  chemical  energy.  Beyond  this  second  step  of  decomposition 
the  efforts  of  Chemistry  have  hitherto  been  found  to  fail ;  and  the 
three  bodies,  calcium,  carbon,  and  oxygen,  having  resisted  all 
attempts  to  resolve  them  into  simpler  forms  of  matter,  are  accord- 
ingly admitted  into  the  list  of  elements;  not  from  an  absolute  belief 
in  their  real  oneness  of  nature,  but  from  the  absence  of  any  evidence 
that  they  contain  more  than  one  description  of  matter. 

The  elementary  bodies,  at  present  recognised,  are  sixty-four  in 
number,  and  about  fifty  of  them  belong  to  the  class  of  metals. 
Several  of  these  are  of  recent  discovery,  and  are  as  yet  very  imper- 
fectly known.  The  distinction  between  metals  and  non-metaUic 
substances,  although  very  convenient  for  purposes  of  description,  is 
entirely  arbitrary,  since  the  two  classes  graduate  into  each  other  in 
the  most  complete  manner. 

The  names  of  the  elements  are  given  in  the  following  table. 
Opposite  to  them  in  the  thii'd  column  are  placed  certain  numbers, 
which  exj)ress  the  proportions  iu  which  they  combiae  together,  or 
simple  multiples  of  those  proportions;  these  numbers,  for  reasons 
which  will  be  afterwards  explained,  are  called  Atomic  or  Indi- 
visible Weights.  In  the  second  coliunn  are  placed  symbols  by 
which  these  weights  are  denoted ;  these  symbols  are  formed  of  the 
first  letters  of  the  Latin  names  of  the  elements,  a  second  letter 
being  added  when  the  names  of  two  or  more  elements  begin  with 
the  same  letter. 

The  names  of  the  most  important  elements  are  distinguished  by 
the  largest  and  most  conspicuous  type  ;  those  next  in  importance, 
by  small  capitals;  while  the  names  of  elements  which  are  ofrai-e 
occurrence,  or  of  which  our  knowledge  is  still  imperfect,  are  printed 
in  the  ordinary  type.  The  names  with  an  asterisk  are  those  of 
Non-metallic  Elements,  the  others  are  names  of  Metals. 
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Table  of  Elementaky  Bodies  with  their  Symbols 
AND  Atomic  Weights. 


Name. 

Symbol. 

Atomic 

Wo!  rrhf 
YV  Civile, 

ALUMINIUM 

Al 

27-4 

Antimony  (Sti- 

bium) 

Sb 

122 

Arsenic 

As 

75 

Barium 

Ba 

137 

Beryllium 

Be 

9-4 

Bismuth 

Bi 

210 

Boron* 

B 

11 

BROMINE* 

Br 

80 

Cadmium 

Cd 

112 

Cffisinm 

Cs 

133 

CALCIUM 

Ca 

40 

CARBON* 

C 

12 

Cerium 

Ce 

92 

CHLORINE* 

CI 

35-5 

Chromium 

Cr 

52-2 

Cobalt 

Co 

58-8 

COPPER  (Cu- 

pram) 

Cu 

63-4 

Didymium 

D 

95 

Erbium 

E 

112-6 

FLUORINE* 

F 

19 

Gallium 

Gold  (Aunim) 
HYDROGEN* 

Au 

197 

H 

1 

Indium 

In 

113-4 

IODINE* 

I 

127 

Indium 

Ir 

198 

IRON  (Ferrum) 

Fe 

56 

Lanthanum 

La 

93-6 

LEAD  (Plum- 

bum) 

Pb 

207 

Lithium 

Li 

7 

Magnesium 

Mg 

24 

MANGANESE 

Mn 

55 

MERCURY  (Hy- 

drargyrum) 

Hg 

200 

Name. 


SjTnbol. 


Molybdenum 

Nickel 

Niobium 

NITROGEN* 

Osmium 

OXYGEN* 

Palladium 

PHOSPHORUS* 
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INTRODUCTION. 


It  must  be  tlistinctly  understood  that  the  atomic  or  combining 
weights  assigned  to  the  elements  are  merely  relative.  The  number  1 
assigned  to  hydrogen  may  represent  a  grain,  ounce,  pound,  gram, 
kilogram,  &c.,  and  the  numbers  assigned  to  the  other  elements 
will  then  represent  so  many  grains,  ounces,  poimds,  grams,  kilo- 
grams, &c.  Hydrogen  is  taken  as  the  unit  of  the  scale,  because 
its  combining  weight  is  smaller  than  that  of  any  other  element ; 
but  this  is  merely  a  matter  of  convenience  ;  in  the  older  tables  of 
atomic  weights  that  of  oxygen  was  assumed  as  100,  that  of  carbon 
being  then  75,  that  of  hydrogen  6'25,  &c.,  &c. 

By  the  combtuation  of  the  elements  in  various  proportions,  and 
in  groups  of  two,  three,  or  larger  numbers,  all  known  compound 
bodies  are  produced.    And  here  it  is  important  to  state  clearly  the 
characters   which  distinguish   true  chemical   combiaation  from 
mechanical  mixture,  and  from  that  kind  of  adhesion  wliich  gives 
rise  to  the  solution  of  a  solid  in  a  liquid.     Bodies  may  be  mixed 
together  in  any  proportion  whatever,  the  mixture  always  exhibiting 
properties  intermediate  between  those  of  its  constituents,  and  in 
regular  gradation,  according  to  the  quantity  of  each  that  may  be 
present,  as  may  be  seen  in  the  fusion  together  of  metals  to  form 
alloys,  in  the  mixtm-e  of  water  with  alcohol,  of  alcohol  with  ether, 
and  of  different  oils  one  with  the  other.    A  solid  body  may  also  be 
dissolved  iu  a  liquid — salt  or  sugar  in  water,  for  example — in  any 
proportion  up  to  a  certain  limit,  the  solution  likewise  exhibiting  a 
regular  gradation  of  physical  properties,  according  to  the  quantity 
of  the  solid  taken  up.    But  a  true  chemical  compound  exhibits 
properties  totally  different  from  those  of  either  of  its  constituent 
elements,  and  the  proportion  of  these  constituents  which  form  that 
particular  compound  admits  of  no  variation  whatever.   Water,  for 
example,  is  composed  of  two  elements,  oxygen  and  hydrogen,  which, 
when  separated  from  one  another,  appear  as  colourless  gases, 
dilferiiig  widely  in  their  properties  one  from  the  other,  and  from 
water  in  the  state  of  vapour ;  moreover,  water,  whether  obtained 
from  natural  sources,  or  formed  by  direct  combination  of  its 
elements,  always  contains  in  100  parts  by  weight,  88*9  parts  of 
oyxgen  and  11"1  of  hydrogen.    Common  salt,  to  take  another 
example,  is  a  compound  of  chlorine  and  sodium,  the  former  of 
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■\vLich,  in  the  separate  state,  is  a  yellow  gas,  the  latter  a  yellowish- 
white  highly  lustrous  metal,  capable  of  hiu'ning  in  the  air,  and 
decomposing  water ;  moreover,  from  whatever  part  of  the  world  the 
salt  may  be  obtained,  100  parts  of  it  invariably  contain  39'6  parts  of 
sodiimi  and  60'4  parts  of  chlorine.  Fiu'ther,  [when  two  or  more 
compounds  are  formed  of  the  same  elements,  there  is  no  gradual 
blending  of  one  into  the  other,  as  in  the  case  of  mixtures,  but  each 
compound  is  sharply  defined,  and  separated,  as  it  were,  from,  the 
others  by  an  impassable  gulf,  exhibiting  properties  distinct  from 
those  of  the  others,  and  of  the  elements  themselves  in  the  separate 
state.  Thus,  there  are  two  compounds  of  carbon  and  oxygen,  one 
of  which,  containing  3  parts  by  weight  of  carbon  with  4  of  oxygen, 
is  an  inflammable  gas,  lighter  than  atmospheric  air,  and  not 
absorbed  by  solution  of  potash;  while  the  other,  which  contains 
3  parts  of  carbon  and  8  of  oxygen,  is  non-inflammable,  heavier  than 
air,  and  easily  absorbed  by  potash. 


Before  proceeding  with  the  special  description  of  the  several 
elements  and  their  compounds,  it  will  be  convenient  to  give  a 
short  sketch  of  certain  branches  of  Physical  Science,  as  the  physical 
constitution  of  Gases,  and  the  chief  phenomena  of  Heat,  Light,  and 
Electricity,  the  partial  study  of  which  forms  indeed  an  indispen- 
sable Introduction  to  Chemistry. 


PAET  L— PHYSICS. 


OF  DENSITY  AND  SPECIFIC  GEAVITY. 


It  is  of  great  importance  at  the  outset  to  tmderstand  clearly  what 
is  meant  by  the  terms  density  and  specific  gravity.  By  the  density 
of  a  body  is  meant  its  mass,  or  quantity  of  matter,  compared  with  the 
mass  or  quantity  of  matter  of  an  equal  volume  of  some  standard 
body,  arbitrarily  chosen.  Specific  gravity  denotes  the  weight  of  a 
body,  as  compared  with  the  weight  of  an  equal  bulk,  or  volume,  of 
the  standard  body,  which  is  reckoned  as  unity.*  In  aU  cases  of 
solids  and  liquids  the  standard  of  unity  adopted  in  this  coimtry  is 
pure  water  at  the  temperatm-e  of  15-5°  C.  (60°  Fahr.)  Anj^hing 
else  might  have  been  chosen ;  there  is  nothing  in  water  to  render 
its  adoption  for  the  purpose  mentioned  indispensable  :  it  is  simply 
taken  for  the  sake  of  convenience,  being  always  at  hand,  and  easUy 
obtamed  in  a  state  of  perfect  purity.  An  ordmary  expression  of 
specific  weight,  therefore,  is  a  nimiber  expressing  how  manv  times 
the  weight  of  an  equal  l)ulk  of  water  is  contained  in  the  weight  of 
the  substance  spoken  of.  If,  for  example,  we  say  that  concentrated 
oil  of  vitriol  has  a  specific  gravity  equal  to  1-85,  or  that  perfectly 
pure  alcohol  has  a  density  of  0-794  at  15-5°  C,  we  mean  that  equal 
bulks  of  these  two  liquids  and  of  distHled  water  j^ossess  weights  in 
the  proportion  of  the  numbers  1-85,  0-794,  and  1;  or  1850,  19  k  and 
1000.  It  is  necessary  to  be  particular  about  the  temperature,  for, 
as  will  be  hereafter  shown,  liquids  are  extremely  expansible  by  heat  ; 
otherwise  a  constant  bulk  of  the  same  liquid  vn\l  not  retain  a 
constant  weight.  It  wiU  be  proper  to  begin  Math  the  description  of 
the  mode  in  which  the  specific  gravity  of  liquids  is  determined: 
this  is  the  simplest  case,  and  the  one  which  best  illustrates  the 
general  princijjle. 
To  find  the  specific  gravity  of  any  particular  liqiiid  compared 

*  In  other  words,  density  means  comparative  mass,  and  specific  gravity 
comparative  weigJit.  These  expressions,  although  really  relating  to  distinct 
things,  are  often  used  quite  indifl'erently  in  chemical  writings,  and  without 
liractical  inconvenience,  since  mass  and  weight  are  directly  proportional  to 
each  other. 
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with  tliat  of  water,  it  is  only  requisite  to  weigh  equal  bulks  at  the 
standarti  temperatiu-e,  aud  then  divide  the  weight  of  the  liquid  by 
the  weight  of  the  water ;  the  quotient  will  be  greater  or  less  than 
unity,  as  the  liquid  experimented  on  is  heavier  or  lighter  than 
water.  Now,  to  weigh  equal  bulks  of  two  fluids,  the  simplest  and 
best  method  is  clearly  to  weigh  them  in  succession  in  the  same 
vessel,  taking  care  that  it  is  equally  fuU  on  both  occasions. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck,  is  procured,  of 
the  form  rej^reseuted  below  (fig.  1),  and  of  such  capacity  as  to  con- 
tain, when  filled  to  about  half-way  up  the  neck,  exactly  1000 
grains  of  distilled  water  at  15 '5°  C.    A  counterpoise  of  the  exact 


weight  of  the  empty  bottle  is  made  from  a  bit  of  brass,  an  old 
weight,  or  something  of  the  kind,  and  carefully  adjusted  by  filing. 
The  bottle  is  then  graduated,  by  introdiicing  water  at  15'5°,  until 
it  exactly  balances  the  lOOO-grain  weight  and  counterpoise  in  the 
opposite  scale ;  the  height  at  which  the  water  stands  in  the  neck 
is  marked  by  a  scratch,  and  the  instrument  is  complete  for  use. 
The  liquid  to  be  e.xamined  is  brought  to  the  temperature  of  15 '5°, 
and  with  it  the  bottle  is  filled  up  to  the  mark  before  mentioned ; 
it  is  then  weighed,  the  counterpoise  being  used  as  before,  and  the 
specific  gravity  directly  ascertained. 

A  watery  liquid  in  a  naiTow  glass  tube  always  presents  a  curved 
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surface  from  the  molecular  action  of  the  glass,  the  concavity  beiii" 
upwards.  It  is  better,  on  this  account,  in  graduating  the  bottle  to 
make  two  scratches,  as  represented  in  the  figure,  one  at  the  top 
and  the  other  at  the  bottom  of  the  curve.  The  marks  are  easily 
made  by  a  hue,  sharp,  triangular  file,  the  hard  point  of  which 
a  so.  It  may  be  observed,  answers  perfectly  weU  for  writing  upon 
glass,  m  the  absence  of  a  diamond  pencil. 

obvious  that  the  adoption  of  a  flask  holding 
exactly  1000  grams  of  water  has  no  other  object  than  to  save  the 
trouble  ot  a  very  trifling  calculation;  any  other  quantity  would 
answer  just  as  well,  and,  in  fact,  the  experimental  chemist  is 
often  compelled  to  use  a  bottle  of  much  smaller  dimensions,  from 
scarcity  ol  the  liquid  to  be  examined. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined  with 
great  accuracy  a  case  which  frequently  occiu-s  in  chemical  inquiries 
a  httle  glass  bottle  is  used,  of  the  form  shown  in  fic^  2  This 
bottle  is  provided  ^th  a  perforated  conical  glass  stSpper,  most 
accurately  fitted  by  grmdmg.  By  completely  filling  the  bottle  with 
liquid,  and  carefully  removing  the  portion  of  liquid  which  is 
displaced  when  the  stopper  is  inserted,  an  unalterable  measure  is 
obtained.  The  least  possible  quantity  of  grease  applied  to  the 
stopper  greatly  promotes  the  exact  fitting. 

When  the  chemist  has  only  a  very  small  quantity  of 
a  fluid  at  his  disposal,  and  wishes  not  to  lose  it  the 
little  glass  vessel  (fig.  3)  is  particularly  useful.  It  is 
formed  by  blowing  a  bulb  on  a  glass  tube.  On  that 
portion  of  the  tube  which  is  narrowed  by  dra^dng  the 
tube  out  over  a  lamp,  a  fine  scratch  is  made  with  a 
diamond.  The  bulb  is  filled  up  to  this  mark  vrith 
the  liquid  whilst  it  stands  in  water,  the  temperatm-e  of 
which  is  exactly  known.  A  very  fine  fumiel  is  used 
for  filUng  the  bulb,  the  stem  of  the  funnel  bein^ 
drawn  out  so  as  to  enter  the  tube,  and  the  upper 
opening  of  the  funnel  being  smaU  enough  to  be  closed 
by  the  finger.  The  glass  stopper  is  only  wanted  as  a 
guard,  and  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid 
body  is  made  according  to  the  same  principles,  and 
may  be  performed  with  the  specific-gra'idty  bottle 
,  .     i^S-  2).    The  bottle  is  first  weighed  full  of  Avater; 

the  solid  IS  then  placed  in  the  same  pan  of  the  balance,  and  its 
weight  IS  determmed;  finally,  the  soUd  is  put  into  the  bottle 
displacmg  an  equal  bulk  of  water,  the  weight  of  whicli  is  deter- 
mined by  the  loss  on  again  weiirhing.  Thus  the  weiglits  of  the 
solid  and  that  of  an  equal  bulk  ol  water,  are  obtained.  The  former 
divided  by  the  latter  gives  the  specific  gimaty. 


Fig.  3. 
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For  example,  the  weight  of  a  small  piece  of 

silver  wire  was  found  to  be  . 
Glass  bottle  filled  with  water 


After  an  equal  volume  of  water  was  displaced  by 


98-18  grains. 
294-69  „ 


the  silver,  the  weight  was 


392-87 


383-54 


Hence  the  displaced  water  weighed    .       .'       .  9-33 
From  this  the  specific  gravity  of  the  )  98-18 ... 
silver  wire  is          ....      )   9-33~  " 

Another  highly  ingenious,  but  less  exact  method  of  determining 
the  specific  gravity  of  solids,  is  based  on  the  well-known  theorem 
of  Archimedes. 

This  theorem  may  be  thus  expressed: 

When  a  solid  is  immersed  in  a  fluid,  it  loses  a  portion  of  its 
weight ;  and  this  portion  is  equal  to  the  weight  of  the  fluid 
which  it  displaces;  that  is,  to  the  weight  of  its  own  bulk 
of  that  fluid. 


Fig.  4. 


It  IS  easy  to  give  experimental  proof  of  this  very  important  pro- 
position, as  well  as  to  establish  it  by  reasoning. 
Figure  4  represents  a  little  apparatus  for  the 
former  purpose.  TMs  consists  of  a  thin  cylin- 
ilrical  vessel  of  brass,  into  the  interior  of  which 
fits  very  accurately  a  solid  cylinder  of  the  same 
metal,  thus  exactly  filling  it.  When  the  cylin- 
der is  suspended  beneath  the  bucket,  as  seen  in 
the  sketch,  the  whole  hung  from  the  arm  of  a 
balance  and  counterpoised,  and  then  the  cylin- 
iler  itself  immersed  in  water,  it  will  be  found  to 
have  lost  a  certain  weight ;  and  that  this  loss  is 
precisely  equal  to  the  weight  of  an  equal  bulk 
of  water,  may  then  be  proved  by  filling  the 
bucket  to  the  brim,  whereupon  the  equilibrium 
will  be  restored. 

The  consideration  of  the  great  hydrostatic  law 
of  fluid  pressiu-e  easily  proves  the  truth  of  the 
principle  laid  down.  Let  the  reader  figure  to 
himself  a  vessel  of  water,  having  immersed  in 
it  a  solid  cylindrical  or  rectangular  body,  and  so 
adjusted  with  respect  to  density,  that  it  shall 
float  indificrently  in  any  part  beneath  the  sur- 
face (fig.  5). 

Now  the  law  of  fluid  pressure  is  to  this  effect : 

1  P^^**^"^^  exerted  by  a  fluid  on  any  point  of  the  containing 
rl!r!  n'i P  P"'""^  ^""^^^  immerscd  beneath  its  surface,  is 
dependent,  firstly,  upon  the  density  of  the  fluid,  and,  secondly, 
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Fig.  5. 


upon  the  vertical  depth  of  the  point  in  question  below  the  surface. 

It  is  independent  of  the  form  and  lateral 
dimensions  of  the  vessel  or  immersed  body. 
Moreover,  owng  to  the  peculiar  physical 
constitution  of  fluids,  this  pressure  is  exerted 
in  every  direction,  upwards,  downwards,  and 
•    laterally,  Math  equal  force. 

The  floating  body  is  in  a  state  of  equili- 
brium ;  therefore  the  pressure  dowTiwards 
caused  by  its  gravitation  must  be  exactly 
comjaensated  by  the  upward  transmitted 
pressure  of  the  column  of  water  a,  b.  But 
this  pressui-e  downwards  is  ob^dously  equal 
to  the  weiglit  of  an  equal  quantity  of  water, 
siace  the  body  of  necessity  displaces  its  own  bulk.  Hence  the 
weight  which  a  body  loses  when  immersed  in,  or  floated  on  water, 
is  equal  to  the  weight  of  the  volume  of  water  displaced  by  that 
body. 

Whatever  be  the  density  of  the  substance,  it  wiU  be  buoyed  up 
to  this  amount ;  in  the  case  supposed,  the  buoyancy  is  equal  to 
the  whole  weight  of  the  body,  which  is  thus,  while  in  the  water, 
reduced  to  nothing. 

A  little  reflection  will  show  that  the  same 
reasoning  may  be  applied  to  a  body  of  irregu- 
lar form  ;  besides,  a  solid  of  any  figure  may  be 
divided  by  the  imagination  into  a  multitude  of 
little  perpendicular  prisms  or  cylinders,  to  each 
of  which  the  argument  may  be  applied.  Wriiat 
is  ti'ue  of  each  indi^ddually  must  necessarily  be 
true  of  the  whole  together. 

This  is  the  fundamental  principle ;  its  apjili- 
cation  is  made  in  the  follo^dng  manner  :  Let 
it  be  required,  for  example,  to  know  the  specific 
gravity  of  a  body  of  extremely  irregular  form, 
as  a  small  group  of  rock  crystals  :  the  first  part 
of  the  operation  consists  in  determining  its  ab- 
solute M^eight,  or,  more  correctly  speaking,  its 
weight  in  air ;  it  is  next  suspended  fi-om  the 
balance-pan  by  a  fine  horsehair,  immersed  com- 
pletely in  piu-e  water  at  15-5°,  and  again 
weighed.  It  now  weighs  less,  the  difference 
being  the  weight  of  the  water  it  displaces,  tliat 
is,  the  weight  of  an  equal  buUv.  This  being 
known,  nothing  more  is  requu-ed  than  to  find,  by  division,  how 
many  times  the  latter  nmnber  is  contained  in  the  former;  the 
quotient  will  be  the  density,  water  at  the  temperature  of  15-5°  beiag 
taken = 1.    For  example  : — 


FiR.  6. 
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The  quartz-crystals  weigh  in  air  ...  .  293'7  grains. 
Wlien  immersed  in  water,  they  weigh      .       .       .    180'1  „ 


Difference,  being  the  weight  of  an  equal  volume  of 

water  113-6  „ 

293-17 

^y^.Q  =  2 '59,  the  specific  gravity  requii-ed. 

The  rule  is  generally  thus  written  :  "  Divide  the  weight  in  air 
by  the  loss  of  weight  in  water,  and  the  quotient  wiU  be  the  specific 
gravity."  In  reality  it  is  not  the  weight  in  air  which  is  required, 
but  the  weight  the  body  would  have  in  empty  space:  the  error 
iatrocluced,  namely,  the  weight  of  an  equal  bulk  of  air,  is  so  trifliiig, 
that  it  is  usually  neglected. 

Sometimes  the  body  to  be  examined  is  lighter  than  water,  and 
floats.  In  this  case,  it  is  first  weighed,  and  afterwards  attached  to 
a  piece  of  metal  heavy  enough  to  sink  it,  and  suspended  fi'om  the 
balance.  _  The  whole  is  then  exactly  weighed,  immersed  in  water, 
and  again  weighed.  The  difierence  between  the  two  weighings 
gives  the  weight  of  a  quantity  of  water  equal  in  bulk  to  both  to- 
gether. The  light  substance  is  then  detached,  and  the  same  op  era-- 
tion  of  weighing  in  air,  and  again  in  water,  repeated  on  the  piece 
of  metal.  These  data  give  the  means  of  fiiiding  the  specific 
gravity,  as  will  be  at  once  seen  by  the  following  example  : — 

Light  substance  (a  piece  of  wax)  weighs  in  air     .    133-7  grains. 

Attached  to  a  piece  of  brass,  the  whole  now 

weighs  183-7  „ 

Immersed  in  water,  the  system  weighs         .       .     38-8  „ 


Weight  of  water  equal  in  bulk  to  brass  and  wax  144-9 


Weight  of  brass  in  air   50-0 

Weight  of  brass  in  water  44-4 


Weight  of  equal  bulk  of  water      .       .       .       .  5-6 


Bulk  of  water  equal  to  wax  and  brass  .       .  144-9 

Bulk  of  water  equal  to  brass  alone        .       .       .  5-6 


Bulk  of  water  equal  to  wax  alone         .      .       .  139-3 


.'■'"'L'  =0-9598 
139-3 


In  all  such  experiments,  it  is  necessary  to  pay  attention  to  the 
temperature  and  purity  of  the  water,  and  to  remove  Avith  great 
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care  all  adlieiing  air-bubbles;*  otherwise  a  i'alse  result  will  be 
obtained. 

Other  cases  reqitire  mention  in  which  these  operations  must  be 
modified  to  meet  particular  difficulties.  One  of  these  happens  when 
the  substance  is  dissolved  or  acted  upon  by  water.  The  difiiculty 
is  easily  overcome  by  substituting  some  other  liquid  of  kno^^^l 
density  which  experience  shows  is  without  action.  Alcohol  or  oil 
of  turpentine  may  generally  be  used  when  water  is  inadmissible. 
Suppose,  for  instance,  the  specific  gravity  of  crystallised  sugar  is 
required,  we  proceed  in  the  follo'WTLng  way :— The  specific  gi-avity  of 
the  oil  of  tm-pentine  is  first  carefully  detennined ;  let  it  be  0'87 ;  the 
sugar  is  next  weighed  iii  the  aii',  then  suspended  by  a  horsehair,  and 
weighed  in  the  oil;  the  difference  is  the  weight  of  an  equal  bulk 
of  the  latter ;  a  simple  calculation  gives  the  weight  of  a  correspond- 
ing volume  of  water : — 

Weight  of  sugar  in  au'   400  grains. 

Weight  of  sugar  in  oil  of  turpentine      .       .182-5  „ 


Weight  of  equal  bulk  of  oil  of  turpentine      217-5  „ 
87  :  100  =  217-5  :  260, 

the  weight  of  an  equal  bulk  of  water :  hence  the  specific  gravity  of 
the  sugar, — 


.  If  the  substance  to  be  examined  consists  of  small  j)ieces,  or  of 
powder,  the  method  first  described,  namely,  that  of  the  specific 
gravity  bottle,  can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  me- 
tallic oxides,  and  other  compounds,  and  salts  of  all  descriptions,  may 
be  detemrined  with  great  ease.  Oil  of  tm'pentuie  may  be  used 
"with  most  soluble  salts.  The  crystals  should  be  crushed  or  roughly 
jjowdered  to  avoid  errors  arising  from  ca\dties  in  theii'  substance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  im- 
mersing it  in  a  transparent  liquid,  the  density  of  which  has  been  so 
adjusted  that  the  solid  body  remains  indifferently  at  -whatever  dejDth 
it  may  be  jDlaced.  The  specific  gra-vity  of  the  liqiud  must  now  be 
determined,  and  it  will,  of  course,  be  the  same  as  that  of  the 
solid.  It  is  necessary  that  the  liquid  chosen  for  tliis  experiment 
do  not  dissolve  or  in  any  way  act  U230ii  the  solid.  Solutions  of 
mercuric  niti-ate,  or  corrosive  sublimate,  can  be  used  for  bodies 
hea-vier  than  water,  whilst  certain  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  be  conveniently  employed  for  such  sub- 

*A  simple  plan  of  avoiding  altogether  the  adhesion  of  air-bubbles,  which 
often  are  not  easily  perceived,  consists  in  heating  the  water  to  ebullition, 
introducing  the  body  which  iias  been  weighed  in  the  air  into  the  still  boil- 
ing water,  -which  is  then  allowed  to  cool  to  15-5°,  when  the  second  weighing 
is  j)erfonned. 
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stances  as  have  a  lower  specific  gravity  than  water.  This  method  is 
not  only  adapted  to  the  exact  determination  of  specific  gi'avities,  but 
also  serves  m  many  cases  as  a  means  of  readily  distinguishing 
substances  much  resembling  one  another.  Suppose,  for  instance, 
a  solution  of  mercuric  nitrate  to  have  a  specitic  gravity  3 ;  a  red 
amethyst  (2'67)  will  then  float  upon,  and  a  topaz  of  the  same 
colour  (3'55)  AVill  sink  in  this  liquid. 

Hydrometers. — The  theorem  of  Archimedes  affords  the  key  to  the 
general  doctrineof  the  equilibrium  of  floating  bodies,  of  which  an 
■application  is  made  in  the  common  hydrometer, — an  Instrument  for 
finding  the  specific  gravities  of  liquids  in  a  very  easy  and  expeditious 
manner. 

When  a  solid  body  is  placed  upon  the  surface  of  a  liquid  speci- 
fically heavier  than  itself,  it  sinks  down  until  it  dis- 
places a  quantity  of  liquid  equal  to  its  own  weight,  at 
which  point  it  floats.  Thus,  in  the  case  of  a  substaiice 
floating  in  water,  whose  specific  weight  is  one-half  that 
of  the  liquid,  the  position  of  equilibrium  will  involve 
the  immersion  of  exactly  one-half  of  the  body,  inas- 
much as  its  whole  weight  is  counterpoised  by  a  quan- 
tity of  water  equal  to  half  its  volume.  If  the  same 
body  were  put  into  a  liquid  of  one-half  the  specific 
gravity  of  water,  if  such  could  be  foimd,  it  would  then 
sink  beneath  the  surface,  and  remain  indifl'erently  in  any  part.  A 
floating  body  of  known  specific  gravity  may  thus  be  used  as  an 
indicator  of  the  specific  gravity  of  a  liquid.  In  this  manner  little 
glass  beads  (fig.  7)  of  known  specific  gravities 
are  sometimes  employed  in  the  arts  to  ascer-  ^'ii-  **■ 

tain  in  a  rude  manner  the  specific  gravity  of 
liquids  ;  the  one  that  floats  indifferently  be- 
neath the  surface,  without  either  sinking  or 
rising,  has  of  course  the  same  specific  gravity 
as  the  liquid  itself ;  this  is  pointed  out  by  the 
number  marked  upon  the  bead. 

The  hydrometer  (fig.  8)  in  general  use  con- 
sists of  a  floating  vessel  of  thin  metal  or  glass, 
having  a  weight  beneath  to  maintain  it  in  an 
upright  position,  and  a  stem  above  bearing  a 
divided  scale.  The  use  of  the  instrument  is 
very  simple.  The  liquid  to  be  tried  is  put 
into  a  small  narrow  jar,  and  the  instrument 
floated  in  it.  It  is  obvious  that  the  denser 
the  liquid,  the  higher  will  the  hydrometer 
float,  because  a  smaller  displacemen  t  of  liquid 
will  counterbalance  its  weight.  Forthesame 
reason,  in  a  liquid  of  less  density,  it  sinks 
deeper.  The  hydrometer  conies  to  rest  almost  immediately,  and 
then  the  mark  on  the  stem  at  the  fluid-level  may  be  read  oft'. 
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Very  ejrtensive  use  is  made  of  instruments  of  this  kind  in  the 
arts  :  they  sometimes  bear  different  names,  according  to  the  kind 
ot  liquid  for  which  they  are  intended ;  but  the  principle  is  the 
same  m  all.  The  graduation  is  very  commonly  arbitrary,  two  or 
three  difterent  scales  being  unfortunately  used.  These  may  be 
sometimes  reduced,  however,  to  the  true  numbers  expressing  the 
specific  gravity  by  the  aid  of  tables  of  comparison  draMm  up  for 
the  purpose.  (See  Appendix.)  Tables  are  likewise  used  to  reduce 
the  readings  of  the  hydrometer  at  any  temperature  to  those  of  the 
normal  temperatui-e. 

It  is  much  better,  however,  to  use  a  hydrometer  having  the  true 
scale  of  specific  gravities  marked  upon  its  stem.  To  graduate  such 
an  instrument,  a  sufficient  number  of  standard  points  may  be 
determined  by  immersing  it  in  liquids  of  known  specific  gravity 
and  the  small  intervals  between  these  points  divided  into  equal 
parts.*  ^ 

The  determination  of  the  specific  gravity  of  gases  and  vapours  of 
volatile  liquids  is  a  problem  of  very  great  practical  importance  to 
the  chemist :  the  theory  of  the  operation  is  as  simple  as  when 
hquids  themselves  are  concerned,  but  the  processes  are  much  more 
delicate,  and  involve  besides  certain  corrections  for  differences  of 
temperature  and  pressure,  founded  on  principles  yet  to  be  discussed 
It  will  be  proper  to  defer  the  consideration  of  these  matters  for 
the  present. 

*  For  an  accnrate  metlaod  of  cUvicUng  the  hydrometer  scale  when  only  a 
lew  points  are  determined  by  actual  observation,  see  the  article  "  Hydi-o- 
™9nfi''       Piofessor  Jevons,  in  Watts' a  Dictionary  of  Chemistry,  yo\.  iii 
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THE  PHYSICAL  CONSTITUTION"  OF  THE  ATMOSPHERE, 
AND  OF  GASES  IN  GENERAL. 

It  requires  some  little  abstraction  of  mind  to  realise  completely  the 
condition  in  wliich  all  things  at  the  siu't'ace  of  the  earth  exist.  We 
live  at  the  l)ottoni  of  an  immense  ocean  of  gaseous  matter,  which 
envelopes  everything,  and  presses  upon  everything  with  a  force 
which  appears,  at  first  sight,  perfectly  incredible,  bnt  whose  actual 
amount  admits  of  easy  proof. 

Gravity  being,  so  far  as  is  known,  common  to  all  matter,  it  is 
natiu'al  to  expect  that  gases,  being  material  substances,  shoidd  be 
acted  upon  by  the  earth's  attraction,  as  well  as  solids  and  Hqnids. 
This  is  really  the  case,  and  the  residt  is  the  weight  or  pressure  of 
the  atmosphere,  which  is  nothing  more  than  the  effect  of  the 
attraction  of  the  earth  on  the  particles  of  air. 

Before  describing  the  leading  phenomena  of  the  atmospheric 
pressure,  it  is  necessary  to  notice  one  very  remarkable  feature  in 
the  physical  constitution  of  gases,  upon  which  depends  the  prin- 
ciple of  the  air-pump. 

Gases  are  in  the  highest  degree  elastic ;  the  volume  or  space 
which  a  gas  occupies  depends  upon  the  pressure  exerted  upon  it. 
Let  the  reader  imagine  a  cyHnder,  a, 
closed  at  the  bottom,  in  wliich  moves  Fig-  9- 

a  piston  air-tight,  so  that  no  air  can  '  i 
escape  between  the  piston  and  the 
cylinder.  Suppose  now  the  piston  be 
pressed  downwards  with  a  certain 
force  ;  the  air  beneath  it  mil  be  com- 
pressed into  a  smaller  bulk,  the  amount 
of  this  compression  depending  on  the 
force  applied;  if  the  power  be  suffi- 
cient, the  bulk  of  the  gas  may  be  thus 
diminished  to  one  himdredth  part  or 
less.  Wlien  the  pressure  is  removed, 
the  elasticity  or  tendon,  as  it  is  called, 
of  the  included  air  or  gas,  will  imme- 
diately force  up  the  piston  until  it 
arrives  at  its  first  position. 

_  Again,  take  fig.  9,  h,  and  siippose  the 
piston  to  stand  about  the  middle  of 
the  cylinder,  having  air  beneath  in  its  usual  state.  If  the  piston 
be  now  drawn  ujjwards,  the  air  below  wiU  expand,  so  as  to  fill 
completely  the  increased  space,  and  this  to  an  apparently  unlimited 
extent.  A  volume  of  au-,  which,  under  ordinary  circumstances, 
occupies  the  bulk  of  a  cu1)ic  inch,  might,  by  the  removal  of  the 
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pressm-e  upon  it,  be  made  to  expand  to  the  capacity  of  a  whole 
room,  while  a  renewal  of  the  former  pressure  would  be  attended 
by  a  shrinking  doMai  of  the  air  to  its  former  bulk.  The  smallest 
portion  of  gas  introduced  into  a  large  exhausted  vessel  becomes  at 
once  diffused  through  the  whole  space,  an  equal  quantity  being 
present  in  every  part ;  the  vessel  is  full  although  the  gas"  is  in  k 
state  of  extreme  tenuity.  This  power  of  expansion  which  air  pos- 
sesses may  have,  and  probably  has,  in  reality,  a  limit;  but  the 
limit  is  never  reached  in  practice.  We  are  quite  safe  in  the 
assumption,  that  for  all  jjurposes  of  experiment,  however  retined, 
air  is  perfectly  elastic. 

It  is  usual  to  assign  a  reason  for  this  indefinite  expansibility  by 
ascribing  to  the  jDarticles  of  material  bodies,  when  in  a  gaseous 
state,  a  self-repulsive  agency.  The  statement  is  commonly  made 
somewhat  in  this  manner :  matter  is  under  the  influence  of  two 
opposite  forces,  one  of  which  tends  to  draw  the  particles  together, 
the  other  to  separate  them.  By  the  preponderance  of  one  or  other 
of  these  forces,  we  have  the  thi-ee  states  called  solid,  liquid,  and 
gaseous.  When  the  particles  of  matter,  in  consequence  of  the 
direction  and  strength  of  their  mutual  attractions,  possess  only  a 
very  slight  power  of  motion,  a  sohd  substance  results;  when  the 
forces  are  nearly  balanced,  we  have  a  liquid,  the  particles  of  which 
in  the  interior  of  the  mass  are  free  to  move,  but  yet  to  a  certain 
extent  are  held  together ;  and,  lastly,  when  the  attractive  power  seems 
to  be  completely  overcome  by  its  antagonist,  we  have  a  gas  or  vapour. 

Various  names  are  applied  to  these  forces,  and  various  ideas 
entertained  concerning  them :  the  attractive  forces  bear  the  name 
of  cohesion  when  they  are  exerted  betw^een  particles  of  matter 
separated  by  an  unmeasurably  small  interval,  and  gravitation 
when  the  distance  is  great.  The  repulsive  force  often  appears 
to  be  identical  with  the  principle  of  heat.  We  shall  return  to 
this  subject  in  discussing  the  dynamical  theory  of  heat. 

The  Air-pump. — The  ordinary  air-pump,  shown  ia  section  in  fig. 
10,  consists  essentially  of  a  metallic  cyliader,  in  which  moves  "a 
tightly-fitting  piston,  by  the  aid  of  its  rod.  The  bottom  of  the 
cylinder  communicates  with  the  vessel  to  be  exhausted,  and  is 
lurmshed  with  a  valve  opening  upwards.  A  similar  valve,  also 
opening  upwards,  is  fitted  to  the  piston :  these  valves  are  made 
with  slips  of  oiled  silk.  When  the  piston  is  raised  fi-om  the  bottom 
of  the  cylmder,  the  space  left  beneath  it  must  be  void  of  air,  since 
the  piston-valve  opens  only  in  one  du-ection;  the  aii-  within  the 
receiver  having  on  that  side  nothing  to  oppose  its  elastic  power 
but  the  weight  of  the  httle  valve,  lii'ts  the  latter,  and  escapes  into 
the  cylinder.  So  soon  as  the  piston  begins  to  descend,  the  lower 
valve  closes,  by  its  own  weight,  or  by  the  pressure  transmitted  from 
above,  and  communication  with  the  receiver  is  cut  off.  As  the 
descent  of  the  piston  continues,  the  air  enclosed  in  the  cylinder 
becomes  compressed,  its  elasticity  is  increased,  and  at  leiWth  it 
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forces  open  the  upper  valve,  and  escapes  into  the  atmosphere 
In  this  manner  a  cylinder  full  of  air  is  removed  from  the  receiver 
at  every  stroke  of  the  pump.    During  the  descent  of  the  piston,  the 


Fig.  10. 

1 

J 

1/  

 \} 
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upper  valve  remains  open,  and  the  lower  closed,  and  the  reverse 
during  the  opposite  movement. 
In  practice,  it  is  very  convenient  to  have  two  such  barrels  or 


cylinders,  arranged  side  by  side,  the  piston-rods  oi  which  are 
formed  into  racks,  having  a  pinion  or  small-toothed  wheel  between 
them,  moved  by  a  winch.    By  this  contrivance  the  operation  of 
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exhaustion  is  much  facilitated,  and  the  lahour  lessened.  The 
arrangement  is  shown  in  fig.  11. 

Atmospheric  Pressure — The  Barometer. — Air  has  weight ;  a  light 
flask  or  globe  of  glass,  furnished  with  a  stop-cock  and  exhausted 
hy  the  air-pump,  weighs  considerably  less  than  when  full  of  air. 

If  the  capacity  of  the  vessel  be  equal  to  100  cubic 
Fig.  12.     inches,  this  difference  may  amount  to  nearly  30  grains. 

After  what  has  been  said  on  the  subject  of  fluid  pres- 
sure, it  will  scarcely  be  necessary  to  observe  that  the 
law  of  equality  of  pressure  in  all  directions  also  holds 
good  in  the  case  of  the  atmosphere.  The  perfect  mobi- 
lity of  the  particles  of  air  permits  the  transmission  of 
the  force  generated  by  their  gravity.  The  sides  and 
bottom  of  an  exhausted  vessel  are  pressed  upon  with 
as  much  force  as  the  top. 

If  a  glass  tube  of  considerable  length  could  be  per- 
fectly exhausted  of  air,  and  then  held  in  an  upright 
position,  with  one  of  its  ends  dipping  into  a  vessel  of 
liquid,  the  latter,  on  being  al^pwed  access  to  the  tube, 
would  rise  in  its  interior  imtil  the  weight  of  the 
column  balanced  the  pressm-e  of  the  aii-  upon  the 
surface  of  the  liquid.  Now,  if  the  density  of  this 
liquid  were  known,  and  the  height  and  area  of  the 
column  measiTOd,  means  would  be  furnished  for  exactly 
estimating  the  amount  of  pressure  exerted  by  the  atmo- 
sphere. Such  an  instrument  is  the  barometer.  To 
construct  it,  a  straight  glass  tube,  36  inches  long,  is 
sealed  by  the  blowpipe  flame  at  one  end ;  it  is  then  tilled 
with  clean,  dry  mercury,  care  being  taken  to  displace  all 
air-bubbles,  the  open  end  stojoped  with  a  finger,  and  the 
tube  inverted  in  a  basin  of  mercury.  On  removing  the 
finger,  the  merciuy  falls  away  from  the  top  of  the  tube, 
until  it  stands  at  the  height  of  about  30  inches  above  the 
level  of  that  in  the  basin.  Here  it  remains  supported 
by,  and  balancing  the  'atmospheric  pressure,  the  space 
above  the  mercury  in  the  tube  being  of  necessity  empty. 

The  pressure  of  the  atmosphere  is  thus  seen  to  be 
capable  of  sustaining  a  column  of  mercmy  30  inches  in 
height,  or  thereabouts.  Now  such  a  column,  ha^ong  an 
area  of  1  inch,  weighs  between  14  and  15  lbs. ;  conse- 
quently such  must  be  the  amount  of  the  pressure  exerted  upon 
every  square  inch  of  the  siu-face  of  the  earth,  and  of  the  objects 
situated  thereon,  at  least  near  tlie  level  of  the  sea.  This  enormous 
force  is  borne  without  inconvenience  by  the  animal  frame,  by 
reason  of  its  perfect  uniformity  in  every  direction ;  and  it  may  be 
doubled,  or  even  tripled,  without  injiu-y. 

A  barometer  may  be  constructed  "with  other  liquids  besides 
mercury ;  but,  as  the  height  of  the  column  must  always  bear  an 
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inverse  proportion  to  tlie  density  of  the  liquid,  the  length  of  tube 
required  ■noil  be  often  considerable;  in  the  case  of  water  it  will 
exceed  33  feet.  It  is  seldom  that  any  other  Uquid  than  mercury 
is  employed  in  the  construction  of  this  instrument.  The  Royal 
Society  of  London  possessed  a  water  barometer  at  their  apartments 
at  Somerset  House.  Its  construction  was  attended  with  great 
difficulties,  and  it  was  found  impossible  to  keep  it  in  repair-. 

Sjyrengel's  Air-pump. — If  an  apertiu-e  be  made  in  the  top  of  a 
barometer  tube,  the  mercury  wUl  sink,  and  draw  in  air ;  and  if  the 
experiment  be  so  arranged 


Fig.  13. 


as  to  allow  air  to  enter 
along  with  the  mercury, 
and  the  supply  of  air  is 
limited,  while  that  of  the 
mercury  is  unlimited,  the 
air  will  be  carried  away 
and  a  vacuum  producecl. 
On  this  principle,  Dr 
Sprengel  has  contrived  an 
apparatus  by  which  a  very 
complete  exhaustion  may 
be  obtained.  cd  (fig.  13), 
is  a  glass  tube  longer  than 
a  barometer,  open  at  both 
ends,  and  connected,  by 
means  of  india-rubber  tub- 
ing, with  a  funnel  A  filled 
with  mercury,  and  sup- 
ported on  a  stand.  Mer- 
cury is  allowed  to  fall 
through  this  tube  at  a  rate 
regulated  by  a  clamp  at  c; 
the  lower  end  of  the  tube 
cd  fits  into  the  flask  B, 
which  has  a  spout  at  its 
side,  a  little  higher  than 
the  lower  end  of  the  tube 
cd;  the  upper  part  of  this 
tube  has  a  branch  at  x,  to 
which  a  receiver  R  can  be 
tightly  fixed.  When  the 
clamp  at  c  is  opened,  the 
first  portion  of  mercury 
that  runs  out  closes  the 
tube  and  prevents  it  from 
entering  below.  As  the 
mercury  is  allowed  to  run 
down,  the  exhaustion  be- 
gins, and  the  whole  length  of  the  'cube  from  a;  to  d!  is  filled  .witli 
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Fig  14. 


cylinders  of  air  and  mercury  having  a  downward  motion.  Air 
and  mercury  escape  through  the  spout  of  the  hulb  B,  below  which 
is  placed  a  basin  H  to  receive  the  mercury;  and  this  mercury  is 
poured  back  from  time  to  time  into  the  funnel  A,  to  be  repas.sed 
through  the  tube  till  the  exhaustion  is  complete. 
As  this  point  is  approached,  the  enclosed  air  be- 
tween the  mercury-cylinders  is  seen  to  diminish, 
until  the  lower  part  of  cd  forms  a  continuous 
column  of  mercury  about  30  inches  high.  The 
operation  is  complete  when  the  column  of  mercury 
is  quite  free  from  air,  and  a  di'op  of  mercury  falls 
on  the  top  of  it  without  enclosing  the  smallest  air- 
bubble.  The  height  of  the  column  is  then  equal 
to  that  of  the  mercury  in  the  barometer ;  in  other 
words,  the  apparatus  is  a  barometer  whose  vacuum 
is  the  receiver  E.  It  may  be  advantageously  com- 
bined with  an  exhausting  syringe,  wMch  removes 
the  greater  part  of  the  air,  the  exhaustion  being 
then  completed  as  above. 

Relations  between  Pressure,  Elasticity,  and 
Volume  of  Gases. — It  will  now  be  necessary  to 
consider  a  most  important  law  wMch  connects  the 
volume  occupied  by  a  gas  with  the  pressure  made 
upon  it,  and  is  thus  expressed : — 

The  volume  of  gas  is  inversely  as  the  pressure ; 
the  density  and  elastic  force  are  directly  as  the 
pressure,  and  inversely  as  the  volimie. 

For  instance,  100  cubic  inches  of  gas  imder  a 
pressiu'e  of  30  inches  of  mercury  would  expand  to 
200  cubic  inches  were  the  pressm-e  reduced  to  one- 
half,  and  shrink,  on  the  contrary,  to  50  cubic  inches 
if  the  original  pressui'e  were  doubled.  The  change 
of  density  must  necessarily  be  in  the  inverse  pro- 
portion to  that  of  the  volume,  and  the  elastic  force 
follows  the  same  rule. 

Tliis,  which  is  usually  called  the  law  of  Mariotte, 
though  really  discovered  by  Boyle  (1661),  is  easily 
demonstrable  by  direct  experiment.    A  glass  tube 
(fig.  14),  about  7  feet  long,  is  closed  at  one  end, 
and  bent  into  the  foi-m  represented  in  fig.  14,  the 
open  limb  of  the  syi^hon  being  the  longer.    It  is 
/llloJ— 'jl  I    J  next  attached  to  a  board  furnished  with  a  mov- 
able scale  of  inches,  and  enougli  mercxuy  is  in- 
troduced to  fill  the  bend,  the  level  being  evenly 
adjusted,  and  marked  upon  the  board.  Mercury 
is  now  poured  into  the  tube  until  the  enclosed 
air  is  reduced  to  one-haK  of  its  former  volume ;  and  on  applying 
the  scale,  it  will  be  found  that  the  level  of  the  mercury  m  the 
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open  part  of  the  tube  stands  very  nearly  30  inclies  above  that  in 
the  closed  portion.  The  pressure  of  an  additional  "atmosphere" 
has  consequently  reduced  the  bulk  of  the  contained  air  to  one-half. 
If  the  experiment  be  still  continued  until  the  voliune  of  air  is 
rechiced  to  a  thiixl,  it  will  be  found  that  the  column  measures 
60  inches,  and  so  in  like  proportion  as  far  as  the  experiment  is 
carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the 
principle  than  for  fiu-nisliing  rigorous  proof  of  the  law.  This  has, 
however,  been  done.  MM.  Arago  and  Dulong  published,  in  the 
year  1830,  an  account  of  certain  experiments  made  by  them  m 
Paris,  in  which  the  law  in  question  had  been  verified  to  the  extent 
of  twenty-seven  atmospheres.  With  rarefied  air  also,  of  whatever 
degree  of  rarefaction,  the  law  has  been  found  true. 

All  gases  are  alike  subject  to  this  law,  and  all  vapours  of 
volatile  liquids,  when  remote  from  their  points  of  liquefaction.* 
It  is  a  matter  of  the  greatest  importance  in.  practical  chemistry, 
since  it  gives  the  means  of  making  corrections  for  pressure,  or 
determining  by  calculation  the  change  of  volume  which  a  gas  would 
suffer  by  any  given  change  of  external  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem 
We  have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer 
standing  at  29  inches;  how  many  cubic  inches  wiU  it  occupy 
when  the  column  rises  to  30  inches?  Now  the  volume  must  be 
inversely  as  the  pressure:  consequently  a  change  of  pressure  in 
the  proportion  of  29  to  30  must  be  accompanied  by  a  change  of 
volume  in  the  proportion  of  30  to  29,  the  30  cubic  inches  of  gas 
contracting  to  29  cubic  inches  imder  the  conditions  imagined 
Hence  the  answer — 

30  : 29  =  100  : 96-67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  pupil  will  do 
well  to  familiarise  himself  with  the  simple  calculations  of  correc- 
tion for  pressure. 

C*  Near  the  liquefying  point  the  law  no  longer  holds  ;  the  volume  diminishes 
more  rapidly  than  the  theory  indicates,  a  smaller  amount  of  pressure  being 
hen  sufficient.    (See  further,  p.  50).  i 
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It  will  be  convenient  to  consider  tbe  subject  of  heat  under  several 
sections,  and  in  the  following  order : — 

1.  Expansion  of  bodies,  or  effects  of  variations  of  temperature 

in  altering  their  dimensions. 

2.  Conduction,  or  transmission  of  heat. 

3.  Specific  heat. 

4.  Change  of  state. 

5.  Sources  of  heat. 

6.  Dynamical  theory  of  heat. 

Expansion. 

If  a  bar  ol  metal  of  such  magnitude  as  to  fit  accurately  to  a 
gauge,  when  cold,  be  heated  considerably,  and  agaia  applied  to  the 
gauge,  it  will  be  found  to  have  become  enlarged  in  aU  its  dimen- 
sions. _  When  cold,  it  will  once  more  enter  the  gauge. 

Again,  if  a  quantity  of  liquid  contained  in  a  glass  bulb  furnished 
with  a  narrow  neck,  be  plunged  into  hot  water,  or  exposed  to  any 

Fig.  15. 


Fig.  16. 


Fig.  17. 


other  source  oi  heat  the  liquid  wiU  mount  in  the  stem,  showing 
that  Its  vohime  has  been  increased.  The  bulb,  however,  has  like- 
wise expanded  by  the  heat  and  its  capacity  has  consequently  been 
augmented.  The  rise  of  the  liquid  in  the  tube,  therefore,  denotes 
the  diHerence  between  these  two  expansions. 

Or,  if  a  portion  of  air  be  confined  in  any  vessel,  the  application 
of  a  slight  degi-ee  of  heat  wiU  suflice  to  make  it  occupy  a  space 
sensibly  larger.  ^ 

This  most  general  of  all  tlie  efiects  of  heat  furnishes  in  the  outset 
a  prmciiDle,  by  the  aid  of  which  an  instrument  can  be  constructed 
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Fig.  18. 


capable  of  taking  cognisance  of  changes  of  temperature  in  a  manner 
equally  acciu'ate  and  convenient:  such  an  instrument  is  the  ther- 
mometer. 

A  capillary  glass  tube  is  chosen,  of  unifoi-m  diameter;  one  ex- 
tremity is  closed  and  expanded  into  a  bulb,  by  the  aid  of  the 
blowpipe  flame,  and  the  other  somewhat  drawn  out,  and  left  open. 
The  bulb  is  now  cautiously  heated  by  a  spii'it-lamp,  and  the  open 
extremity  plunged  into  a  vessel  of  mercury,  a  portion  of  which 
rises  into  the  bulb  when  the  latter  cools,  replacing  the  aii-  which 
had  been  expanded  and  driven  out  by  the  heat.  By  again  apply- 
ing the  flame,  and  causing  this  mercury  to  boil,  the  remainder  of 
the  air  is  easily  expelled,  and  the  whole  space  filled  with  mer- 
curial vapour.  The  open  end  of  the  tube  must  now  be  immediately 
plunged  into  the  vessel  filled  with  mercury.  As  the  metallic 
vapours  condense,  the  pressure  of  the  external  air  forces  the  liquid 
metal  into  the  instrument,  until  finally  the  tube  is  completely 
filled  with  mercury.  The  thermometer  thus  filled  is  now  to  be 
heated  imtil  so  much  mercury  has  been  driven  out  by  the  expansion 
of  the  remainder,  that  its  level  in  the  tube  shall  stand  at  common 
temperatures  at  the  point  requii-ed.  This  being  satisfactorily 
adjusted,  the  heat  is  once  more  applied,  imtil  the  column  rises 
quite  to  the  top ;  and  then  the  extremity 
of  the  tube  is  hermetically .  sealed  by  the 
blowpipe.  The  retraction  of  the  mercury 
on  cooling  now  leaves  an  empty  space, 
which  is  essential  to  the  perfection  of  the 
instrument. 

The  thermometer  has  yet  to  be  gradu- 
ated ;  and  to  make  its  indications  compar- 
able with  those  of  other  instruments,  a 
scale,  having  at  the  least  two  fixed  points, 
must  be  adapted  to  it. 

It  has  been  observed,  that  the  tempe- 
ratrxre  of  melting  ice,  that  is  to  say,  of  a 
mixture  of  ice  and  water,  is  always  con- 
stant; a  thermometer,  already  graduated, 
plunged  into  such  a  mixture,  always  marks 
the  same  degree  of  temperatiire,  and  a 
simple  tube  filled  in  the  manner  described 
and  so  treated,  exhibits  the  same  effect  in 
the  unchanged  height  of  the  little  mercu- 
rial  column,  when  tried  from  day  to  day. 
The  freezing  point  of  water,  or  melting 
point  of  ice,  constitutes  then  one  of  the 
invariable  tenij)eratures  demanded. 

Another  is  to  be  found  in  the  boiling  point  of  water,  or,  more 
accurately,  in  the  temperature  of  steam  which  rises  from  T>oiling 
water,  in  order  to  give  this  temperature,  which  remains  perfectly 
constant  whilst  the  barometric  pressure  is  constant,  to  the  merc;iry 
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of  the  thermometer,  distilled  water  is  made  to  boil  in  a  glass  vessel 
with  a  long  neck,  when  the  pressure  is  at  30  inches  (fi".  17).  The 
thermometer  is  then  so  placed  that  all  the  mercmy  is" surrounded 
with  steam.  It  quickly  rises  to  a  fixed  point,  and  there  it  remains 
as  long  as  the  water  boils,  and  the  height  of  the  barometer  Ls 
imclianged. 

The  tube  having  been  carefully  marked  with  a  tile  at  these  two 
ponits.  It  remams  to  dmde  the  interval  into  degrees:  this  division 
is  entirely  ai-bitrary.  The  scale  now  most  generallv  employed  is 
the  Centigrade,  m  which  the  space  is  divided  into'lOO  pai-ts,  the 
zero  bemg  placed  at  the  freezing  point  of  water.  The  scale  is  con- 
tinued above  and  below  these  points,  numbers  below  0  beinc^  dis- 
tinguished by  the  negative  sign.  " 

In  England  the  division  of  Fahrenheit  is  still  in  use:  the  above 
mentioned  space  is  divided  into  180  degrees;  but  the  zero,  instead 
of  startmg  from  the  fi-eezmg  point  of  water,  is  placed  32  degrees 
below  It  so  that  the  temperature  of  ebullition  is  expressed  by  212° 
^  Jfi    f  n  is  nearly  confined  to  a  few  places  in  the 

north  ol  Germany  and  to  Eussia:  in  this  scale  the  freezing  point 
of  water  is  made  0°  and  the  boiling  point  80°  ^  P  ^ 

nrlnL'"/"'^"''*'''^*'*''-*^^*,''  uniform  system  has  not  been  generally 
H  If  graduating  thermometers:  this  would  render  imneces-- 
tSs£?.i  fl'""  1  """^'^  frequently  has  to  be  performed  of 
tianslatmg  the  language  of  one  scale  into  that  of  another.  To 
Quired  fn^'  P^'^'^'^f^'  ^lo^ever,  no  great  difiiculty.  Let  it  be  re- 
™ponL  ?oTf°  C  FaJixenheit's  scale  which 

100°  C.  =  180°  F.;  or5°C.  =  9°  F. 

Consequently, 

5:9  =  60  : 108. 

?hat?umW  S^^^f^'^^  T'^^  commences  with  32°  instead  of  0°, 
TbP  r??p  .1        ^^^'Ifed  to  the  result,  making  60°  C.^140°  F 
into  FaW^^ir^^  following  :-To  convert  centigrade  degi-ees 

ad!l  S  to  co^vif  ^^^^^  divide  the  prodSct  by  5,"and 

subtract  32  ZZ  .T'^f^'f  .•'^^"^^^^^  centigrade  de^ees, 

suDuract  jj,  multiply  by  5,  and  divide  by  9 

exan^ple,     convert -t-'SS^^'^J^I^Ce^S^^^^ 


9 
5 


■15  X  f  +  32  =  -27  -F  .32  =  -^5  F. 


«  ea,j.  to  have  the  s«k  of  great  e*„t,  from  thi  "1  i^rvaf 
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between  the  freezing  and  boiling  points  of  the  metal.  Other  sub- 
stances are  sometimes  used;  alcohol  is  emj^loyed  for  estimating 
very  low  temperatiu'es,  because  this  liquid  has  not  been  frozen  even 
at  the  lowest  degree  of  cold  which  has  been  artificially  produced. 

Air-thermometers  are  also  used  for  some  few  particular  pm-- 
poses ;  indeed,  the  first  thermometer  ever  made  was  of  this  kind. 
There  are  two  modifications  of  this  instrument:  in  the  first,  the 
liquid  into  which  the  tube  dips  is  open  to  the  air;  and  in  the 
second,  shown  in  fig.  19,  the  atmosphere  is  completely  excluded. 
The  effects  of  expansion  are  in  the  one  case  complicated  with  those 
arising  from  changes  of  pressure,  and  in  the  other  they  cease  to 
be  visible  at  all  when  the  ivhole  instrument  is  subjected  to  altera- 
tions of  temperature,  because  the  air  in  the  upper  and  lower 


reservoir,  being  equally  afi'ected  hy  such  changes,  no  alteration  in 
the  height  of  the  fluid  column  can  occirr.  Accordingly,  such 
instruments  are  called  differential  thermometers,  since  they  serve 
to  measure  differences  of  temperature  between  the  two  portions  of 
air,  whUe  changes  affecting  both  alike  are  not  indicated.  Fig.  20 
shows  another  form  of  the  same  instrument. 

The  air-thermometer  may  be  employed  for  measuring  all  tem- 
peratures from  the  lowest  to  the  highest;  M.  Pouillet  has  described 
one  by  which  the  heat  of  an  air-furnace  could  be  measured.  The 
reservoir^  of  this  instrument  is  of  platinum,  and  it  is  connected 
with  a  piece  of  apparatus  by  which  the  increase  of  volume  expe- 
rienced by  the  included  air  is  determined. 

An  excellent  air-thermometer  has  been  constructed  and  used  by 
Rudberg,  and  more  recently  hy  Magnus  and  Eegnault,  for  measur- 
ing the  expansion  of  the  air.  Its  construction  depends  on  the  law, 
that  when  air  is  heated  and  hindered  from  expanding,  its  tension 
increases  in  the  same  proportion  in  which  it  would  have  increased 
in  volume  if  permitted  to  expand. 


Fig.  19. 


Fig.  20. 
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All  1)0(1163  are  enlarged  by  the  application  of  heat,  and  reduced 
by  its  abstraction ;  or,  in  other  words,  contract  on  being  artificially 
cooled :  this  effect  takes  place  to  a  comparatively  small  extent  vnth. 
solids,  to  a  larger  amount  in  liquids,  and  most  of  aU  in  the  case  of 
gases. 

Each  soUd  and  liquid  has  a  rate  of  expansion  peculiar  to  itself; 
gases,  on  the  contrary,  expand  nearly  alike  for  the  same  increase, 
of  heat. 


Expansion  of  Solids.— The  actual  amount  of  expansion  which 
different  solids  undergo  by  the  same  increase  of  heat  has  been  care- 
fully investigated.  The  following  are  some  of  the  results  of  the 
best  investigations,  more  particulary  those  of  Lavoisier  and  Laplace. 
The  fraction  indicates  the  amount  of  expansion  in  length  suffered  by 
the  rods  of  the  imdermentioned  bodies  in  passing  from  0°  to  100° : — 


Fir- wood,* 
English  flint  glass, 
Platinum, 

Common  white  glass, 
Common  white  glass, 
Glass  without  lead, 
Another  specimen, 
Steel  untempered,  . 


1 

5451 
1 

1448 

TTBT 

IIGO 

TTIT 

TTTf 
1 

10  0  0 
1 


Tempered  steel. 
Soft  iron, 
Gold, 
Copper, 
Brass, 
Silver, 
Lead, 
Zinc, 


1 

1 


From  the  linear  expansion,  the  cubic  expansion  (or  measure  of 
volume)  may  be  calculated.  When  the  expansion  of  a  body  in 
different  directions  is  equal,  as,  for  example,  in  glass,  hammered 
metals,  and  generally  in  most  uncrystaUised  substances,  it  will  be 
sufficient  to  triple  the  fraction  expressing  the  increase  in  one  dimen- 
sion. This  rule  does  not  hold  true  for  crystals  belonging  to  irregular 
systems,  for  they  expand  unequally  in  the  direction  of  the  different 
axes. 

Metals  appear  to  expand  pretty  uniformly  for  equal  increments 
of  heat  within  the  limits  stated ;  but  above  the  boiling  point  of 
water  the  rate  of  expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  very  great.  In  lay- 
ing down  railways,  building  iron  bridges,  erecting  long  ranges  of 
steam-pipes,  and  in  executing  all  works  of  the  kind  in  which  metal 
is  largely  iised,  it  is  indispensable  to  make  provision  for  these 
changes  of  dimensions. 

In  consequence  of  glass  and  platinum  having  nearly  the  same 
amount  of  expansion,  a  thin  platinum  M'ire  may  be  fused  into  a 
glass  tube,  without  any  fear  that  the  glass  will  break  on  cooling. 

A  very  usefiil  application  of  expansion  by  heat  is  that  of  the 
cutting  of  glass  by  a  hot  iron ;  tliis  is  constantly  practised  in  the 
laboratory  for  a  great  variety  of  piu'poses.  The  glass  to  be  cut  is 
marked  with  ink  in  the  required  direction,  and  then  a  crack,  com- 
menced by  any  convenient  method,  at  some  distance  from  the  desii-ed 

*  In  the  direction  of  the  vessels. 
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line  of  fracture,  may  be  led  by  the  point  of  a  heated  iron  rod  along 
the  latter  with  the  greatest  precision. 

Ex'pansion  of  Liquids. — The  dilatation  of  a  liquid  may  be  deter- 
mined by  filling  a  thermometer  with  it,  in  which  the  relation 
between  the  capacity  of  the  ball  and  that  of  the  stem  is  exactly 
kno-mi,  and  observing  the  height  of  the  coliimn  at  difl'erent  tempera- 
tures. It  is  necessary  in  this  experiment  to  take  into  accoi;nt 
the  effects  of  the  expansion  of  the  glass  itself,  the  observed  result 
being  evidently  the  difference  of  the  two. 

Lic[uids  vary  exceedingly  in  this  particular.  The  following  table 
is  taken  from  Pdclet's  "  Elements  de  Physicjue  :" — 


Apparent  Dilatation  in  Olass  between  0°  and  100°. 

"Water,      ........  • 

Hydrochloric  acid,  sp.  gr.  1  "IS?,       .       .       .       .  -sV 

Nitric  acid,  sp.  gr.  1  '4,   i 

Sulphuric  acid,  sp.  gr.  1  '85,  

Ether,       .........  rj- 

Olive  oil,  .........  iV 

Alcohol,    .........  \ 

Mercury,   .........  -rr 


Most  of  these  numbers  must  be  taken  as  representing  mean 
results  ;  for  there  are  few  liquids,  which,  like  mercury,  expand 
regularly  between  these  temperatures.  Even  mercury  above  100" 
shows  an  unequal  and  increasing  expansion,  if  the  temperature 
indicated  by  the  air- thermometer  be  used  for  comparison.  This 
is  shown  by  the  following  abstract  of  a  table  given  by  RegnaiTlt ; — 


Reading  of  Air 
Thermometer. 

0° 
100° 
200°i 
300°| 
350° 


Reading  of  Mercurial 
Tliermometer. 

0° 
100° 
200° 
301° 
354° 


Temperature  deduced  from 
the  Absolute  Expansion 
of  Mercury. 
0° 
100° 
202-78° 
308-34° 
362-16° 


The  absolute  amount  of  expansion  of  mercury  is,  for  many  reasons, 
a  point  of  great  importance  ;  it  has  been  very  carefully  detemiined 
by  a  method  independent  of  the  expansion  of  the  containiug  vessel. 
The  apparatus  employed  for  this  purpose,  first  by  Dulong  and  Petit, 
and  later  by  Rognault,  is  shown  in  fig.  21,  divested,  however,  of 
many  of  its  subordinate  parts.  It  consists  of  two  upright  glass 
tiibes,  connected  at  their  bases  by  a  horizontal  tube  of  much  .smaller 
dimensions.  Since  a  free  communication  exists  between  the  two 
tubes,  mercury  poured  into  the  one  will  rise  to  the  same  level  in 
the  other,  provided  its  temperature  is  the  same  in  both  tubes;  when 
this  is  not  the  case,  the  hotter  column  will  be  the  taller,  because  the 
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expansion  of  the  metal  diminislies  its  specific  gravity,  and  the  law 
of  hydrostatic  equilibrium  requires  that  the  height  of  such  columns 
should  be  inversely  as  their  densities.  By  the  aid  of  the  outer 
cylinders,  one  of  the  tubes  is  maintained  constantly  at  0°,  while  the 
other  is  raised,  by  means  of  heated  water  or  oil,  to  any  required 
temperature.  The  perpendicular  height  of  the  columns  may  then 
be  read  off  by  a  horizontal  micrometer  telescope,  moving  on  a 
vertical  divided  scale. 

.  These  heights  represent  volumes  of  equal  weight,  because  volumes 
of  equal  weight  bear  an  inverse  proportion  to  the  densities  of  the 
liquids,  so  that  the  amount  of  expansion  admits  of  being  very 
easily  calculated.  Thus,  let  the  column  at  0°  be  6  inches  high, 
and  that  at  100°,  6-108  inches  ;  the  increase  of  height,  108  on  6000, 
or  s-i.-s  part  of  the  whole,  will  represent  the  absolute  cubical 
expansion. 


Fig.  21 


The  indications  of  the  mercurial  thermometer  are  inaccurate  when 
very  high  ranges  of  temperature  are  concerned,  from  the  increased 
expansibility  of  the  metal.  The  error  thus  caused  is,  however, 
nearly  compensated,  for  temperatures  under  204-5°,  by  the  expansion 
of  the  glass  tube.  For  higher  temperatures  a  smaR  correction  is 
necessary,  as  the  above  table  shows. 

To  what  extent  the  expansion  of  different  liquids  may  vary  be- 
tween the  same  temperatures  is  obvious  from  a  glance  at  fig.  22 


Fig.  22. 


"  0    10  20   30  40  50  fiO  70  80  90  100" 


which  represents  the  expansion  of  mercury  (M),  water  (W),  oil  of 
turpentine  (T),  and  alcohol  (A).   A  column  of  these  several  liquids, 
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equcalling  at  C  tlie  tenfold  height  of  the  line  0  O'l  in  the  diagram, 
would  exhibit,  when  heated  to  a  temperature  of  10°,  20°,  30°,  &c.,  an 
expansion  indicated  by  the  distances  at  which  the  perpendicular 
lines  drawn  over  the  numbers  10,  20,  30,  &c.,  are  intersected  by 
the  cui-ves  belonging  to  each  of  these  liquids.  Thus  it  is  seen  that 
oil  of  turpentine,  between  0°  and  100°,  expands  very  nearly  of  its 
volume,  and  that  mercury  between  the  same  limits  of  temperatm-e 
expands  imiformly,  while  the  rate  of  expansion  of  the  other  liquids 
increases  with  the  rise  of  the  temperature. 

An  exception  to  the  regularity  of  expansion  in  liquids  exists  in 
the  case  of  water ;  it  is  so  remarkable,  and  its  consequences  so  im- 
portant, that  it  is  necessary  to  advert  to  it  particularly. 

Let  a  large  thermometer-tube  be  filled  with  water  at  the  common 
temperatiu'e  of  the  air,  and  then  artificially  cooled.  The  liquid 
wiU  be  observed  to  contract,  until  the  temperature  falls  to  about 
4°  C.  (39-2°  F.,  or  7"2°  above  the  freezing  point.)  After  this  a  further 
reduction  of  temperature  causes  expansion  instead  of  contraction 
in  the  volume  of  the  water,  and  this  expansion  continues  until  the 
liquid  arrives  at  its  point  of  congelation,  when  so  sudden  and 
violent  an  enlargement  takes  place  that  the  vessel  is  almost  invari- 
ably broken.  At  the  temperatiu-e  of  4°  water  is  at  its  maximimi 
density ;  increase  or  diminution  of  heat  produces  upon  it,  for  a 
short  time,  the  same  eS'ect. 

According  to  the  latest  researches  of  Kopp,  the  point  of  greatest 
density  of  water  is  4-08°  C.  (39-34°  F.)  According  to  the  de- 
terminations of  this  physicist,  the  volume  of  water  =  1  at  0°  C. 
changes,  when  heated,  to  the  following  volumes : — 


2° 
4° 
6° 
8° 
10° 
12° 
14° 


0-99991 
0-99988 
0-99990 

0-  99999 

1-  00012 
1-00031 
1-00056 


16° 
18° 
20° 
22° 
24° 
25° 
30° 


1-00085 
1-00118 
1-00157 
1-00200 
1-00247 
1-00272 
1-00406 


35° 
40° 
45° 
50° 
55° 
60° 
65° 


1-00570 
1-00753 
1-00954 
1-01177 
1-01410 

0-  01659 

1-  01930 


70° 
75° 
80° 
85° 
90° 
95° 
100° 


1-02225 
1-02544 
1-02858 
1-03189 
1-03540 
1-03909 
1-04299 


Sea-water  has  no  point  of  maximum  density  above  the  freezing 
point.  The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidi- 
fies at  -2-6°. 

The  gradual  expansion  of  piu'e  water  cooled  below  4°  must  be 
carefully  distinguished  from  the  great  and  sudden  increase  of 
volume  it  exhibits  in  the  act  of  freezing,  in  which  respect  it 
resembles  many  other  bodies  which  expand  on  solidifying.  The 
force  thus  exerted  by  freezing  water  is  enormous.  Thick  iron 
shells  quite  filled  with  water,  and  exposed  with  their  fuse-holes 
securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  have 
been  found  sjjlit  on  the  following  morning.  Tlie  freezing  of  water 
in  the  joints  and  crevices  of  rocks  is  a  most  potent  agent  in  their 
disintegration. 
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Expansion  of  Gases. — The  principal  laws  relating  to  the  expan- 
sion of  gases  are  contained  in  the  four  following  propositions : — 

1.  All  gases  expand  nearly  alike  for  equal  increments  of  heat ; 

and  all  vapours,  when  remote  from  their  condensing  points, 
foRow  the  same  law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state 

of  compression,  or  elastic  force,  of  the  gas  itself. 

3.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  actual  amouut  of  expansion  is  equal  to        or  ttottj  or 

0-003666  of  the  volume  of  the  gas  at  0°  centigrade,  for  each 
degree  of  the  same  scale.* 

It  will  not  be  necessary  to  enter  into  any  description  of  the 
methods  of  investigation  by  which  these  results  have  been  ob- 
tained ;  the  advanced  student  wUl  find  in  Pomllet's  "  Elements  de 
Physique,"  and  ia  the  papers  of  Magnus  and  Regnault,t  all  the 
information  he  may  require. 

In  the  practical  manipulation  of  gases,  it  very  often  becomes 
necessary  to  make  a  correction  for  temperature,  or  to  discover  how 
much  the  volume  of  a  gas  would  be  increased  or  diminished  by  a 
particular  change  of  temperature ;  this  can  be  effected  with  gi-eat 
facility.  Let  it  be  requu-ed,  for  example,  to  find  the  volume  which 
100  cubic  inches  of  any  gas  at  10°  would  become  on  the  tempera- 
ture rising  to  20°. 

The  rate  of  expansion  is  or  -g-^^  of  the  volume  at  0°  for  each 
degree  ;  or  3000  measures  at  0°  become  3011  at  1°,  3022  at  2°, 
3110  at  10°,  and  3220  at  20°.  Hence 

Meas.  at  10°.  Meas.  at  20°.  Meas.  at  10°  Meas.  at  20°. 

3110       :       3220       =       100       :  103-537. 

If  this  calculation  is  required  to  be  made  on  the  Fahrenheit  scale, 
it  must  be  remembered  that  the  zero  of  that  scale  is  32°  below  the 
melting-point  of  ice.  Above  this  temperature  the  exiDansion  for 
each  degree  of  the  Fahrenheit  scale  is       of  the  original  volume. 

This,  and  the  correction  for  pressui-e,  are  operations  of  very  fre- 
quent occurrence  in  chemical  investigations,  and  the  student  will 
do  well  to  become  familiar  with  them. 

The  following  formula  includes  both  these  corrections  : — Let  V 
and  V  be  the  volume  of  a  gas  at  the  temperatures  t  and  tf  centi- 
grade, and  under  the  pressures  ^3  and  p',  measured  in  millimeters 
of  mercury  :  then 

.V_  ^  l  +  0-003666t  p' 
V       l-t-0-003666f'  p 
The  case  which  most  frequently  occurs  is  the  reduction  of  a 

*  The  fraction  -whhv  is  very  convenient  for  calculation. 

t  Poggendortf's  Annalen,  iv.  1— Ann.  Cliim.  Phys.  3d  series,  iv.  5,  and 
V.  52.  See  also  Watts's  Dictionary  of  Chemistry,  art.  Heat,  vol.  iii.  p.  46 ; 
and  Ganot's  Elements  de  Physique,  translated  by  Dr  Atkinson,  4th  edition, 
pp.  253-262. 


HKAT. 


31 


measured  volume,  V,  of  a  gas  at  the  temperature  t  and  pressure  p 
to  the  volume  Vq,  which  it  would  occupy  at  0°  C,  and  imder  a 
pressiu-e  of  760  mm.  In  this  case,  we  have  t'=0,  and  p'  =  760 
therefore 

^     =   (1  +  0-0036660    —  , 
Vfl  p 

and  Y     _  ^         .  _P_ 

°    -    l  +  0-003666«    760  * 

If  the  harometric  pressure  is  measured  in  inches,  the  number  30 
must  be  substituted  for  760. 


Note. — Of  the  four  propositions  stated  in  the  text,  the  first  and 
second  have  recently  been  sho^vn  to  be  true  within  certain  limits 
only  ;  and  the  third,  although  in  the  highest  degree  probable, 
would  be  very  difficult  to  demonstrate  rigidly ;  in  fact,  the  equal 
rate  of  expansion  of  air  is  assumed  in  all  experiments  on  other 
substances,  and  becomes  the  standard  by  which  the  results  are 
measured. 

The  rate  of  expansion  for  the  different  gases  is  not  absolutely  the 
same,  but  the  difference  is  so  small  that  for  most  purposes  it  may 
safely  be  neglected.  Neither  is  the  state  of  elasticity  altogether 
indifferent,  the  expansion  being  sensibly  greater  for  an  equal  rise  of 
temperature  when  the  gas  is  in  a  compressed  state. 

It  is  important  to  notice  that  the  greatest  deviations  from  the 
rule  are  exhibited  by  those  gases  which,  as  will  hereafter  be  seen, 
are  most  easily  liquefied,  such  as  carbon  dioxide,  cyanogen,  and 
sulphur  dioxide  ;  and  that  the  discrepancies  become  smaller  and 
smaller  as  the  elastic  force  is  lessened  ;  so  that,  if  means  existed 
for  comparing  the  different  gases  in  states  equally  distant  from 
their  points  of  condensation,  there  is  reason  to  believe  that  the  law 
would  be  strictly  fiUfilled. 

The  experiments  of  Dalton  and  Gay-Lussac  gave  for  the  rate  of 
expansion  Tvjy  of  the  volume  at  0°  :  this  is  no  doubt  too  high. 
Those  of  Rudberg  give  ^j^,  those  of  Magnus  and  of  Regnault  -jfj. 


Conduction  of  Heat. 

Different  bodies  possess  very  different  conducting  powers  with 
respect  to  heat  :  if  two  similar  rods,  the  one  of  iron,  the  other  of 
glass,  be  held  in  the  flame  of  a  spirit-lamp,  the  iron  will  soon 
become  too  hot  to  be  touched,  while  the  glass  may  be  grasped  with 
impunity  within  an  inch  of  the  red-hot  portion. 

Experiments  made  by  analogous  but  more  accurate  methods  have 
establi.shed  a  numerical  comparison  of  the  conducting  powers  of  many 
bodies.    The  following  may  be.  taken  as  a  specimen  : — 
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Silver, 
Copper, 
Gold,  . 
Brass, 
Tin,  . 
Iron,  . 


1000 
736 
532 
236 
145 
119 


Steel,  . 
Lead,  . 
Platinum, 


116 
85 
84 
63 
18 


German  silver, 
Bismuth, 


As  a  class  the  metals  are  by  very  far  the  best  conductors, 
although  much  difference  exists  between  them  ;  stones,  dense  woods, 
and  charcoal  follow  next  in  order ;  then  liquids  in  general,  and  lastly 
gases,  whose  conducting  power  is  almost  inappreciable. 

Under  favourable  circumstances,  nevertheless,  both  liquids  and 
gases  may  become  rapidly  heated ;  heat  applied  to  the  bottom  of 
the  containing  vessel  is  very  speedily  communicated  to  its  contents ; 
this,  however,  is  not  so  much  by  conduction,  as  by  convection,  or 
carrying.  A  complete  circulation  is  set  up ;  the  portions  in  contact 
with  the  bottom  of  the  vessel  get  heated,  become  lighter,  and  rise  to 
the  surface,  and  in  this  way  the  heat  becomes  communicated  to  the 
whole.  If  these  movements  be  prevented  by  dividing  the  vessel 
into  a  great  number  of  comj)artments,  the  really  low  conducting 
power  of  the  substance  is  made  evident ;  and  this  is  the  reason  why 
certain  organic  fabrics,  as  wool,  silk,  feathers,  and  porous  bodies 
in  general,  the  cavities  of  which  are  full  of  air,  exhibit  such  feeble 
powers  of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively 
applied  to  the  warming  of  buildings  and  conservatories  ;  and  in 
chemical  works  a  serpentine  metal  tube  containing  hot  oU  is  often 
used  for  heating  stills  and  evaporating  pans  ;  the  two  extremities 
of  the  tube  are  connected  with  the  ends  of  another  spiral  built 
into  a  small  furnace  at  a  lower  level,  and  an  unintermitting  circu- 
ladon  of  the  liquid  takes  place  as  long  as  heat  is  appKed. 


Equal  weights  of  different  substances  having  the  same  temper- 
ture  require  different  amounts  of  heat  to  raise  them  to  a  given 
degree  of  temperature.  If  1  lb.  of  water,  at  100°,  be  mixed  ivith 
1  lb.  at  40°,  then,  as  is  well  knovra,  a  mean  temperature  of 


perature  is  found  when  warm  and  cold  oil,  or  warm  and  cold 
mercury,  &c.,  are  mixed  together.  But  if  1  lb.  of  M-ater  at  100° 
be  shaken  with  1  lb.  of  oHve-oil  at  40°,  or  -with  1  lb.  of  mercury 
at  40°,  then,  instead  of  the  mean  temperature  of  70°,  the  tempera- 
ture actually  obtained  will  be  80°  in  the  first  case,  98°  in  the 
second ;  20  degrees  of  heat,  which  the  water  (by  cooling  from  100° 
to  80°)  gave  to  the  same  weight  of  oil,  were  suflicient  to  raise 
the  oil  40°,  that  is,  from  40°  to  80° ;  and  2°,  which  the  water  lost 
by  cooling  from  100°  to  98°,  sufficed  to  heat  an  equal  quantity  of 
mercury  58°,  namely,  fi'om  40°  to  98°. 


Specific  Heat. 


100  +  40 
2 


=  70°  is  obtained.    In  the  same  way  the  mean  tem- 
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It  is  evident  from  these  experiments  that  the  quantities  of  heat 
which  equal  weights  of  water,  olive-oil,  and  mercury,  require  to 
raise  their  temperature  to  the  same  height,  are  rmequal,  and  that 
they  are  in  the  proportion  of  the  nimibers  1  :  |^  :  -j^^,  or  1  :^ 

These  quantities  of  heat,  expressed  relatively  to  the  quantity  of 
heat  required  to  raise  the  temperature  of  an  equal  weight  of  water 
from  0°  to  1°  C,  are  called  the  sjjecific  heats  of  the  various 
substances :  thus  the  experiments  just  described  show  that  the 
specific  heat  of  olive  oil  is  ^,  that  is  to  say,  the  quantity  of  heat 
which  would  raise  the  temperature  of  any  given  quantity  of  olive 
oil  from  0°  to  1°  would  raise  that  of  an  equal  weight  of  water 
only  from  O''  to  or  of  haK  that  quantity  of  water  from  0° 
to  1°. 

The  specific  heats  of  bodies  are  sometimes  said  to  measure  their 
relative  capacities  for  heat. 

There  ai'e  three  distinct  methods  by  which  the  specific  heats  of 
various  substances  may  be  estimated.  The  first  of  these  is  by 
observing  the  quantity  of  ice  melted  by  a  given  weight  of  the 
substance  heated  to  a  particular  temperature;  the  second  is  by 
noting  the  time  which  the  heated  body  requires  to  cool  down 
through  a  certain  number  of  degrees ;  and  the  third  is  the  method 
of  mixture,  on  the  principle  illustrated  ;  this  latter  method  is  pre- 
ferred as  the  most  accurate. 

The  determination  of  the  specific  heat  of  diff'erent  substances 
has  occupied  the  attention  of  many  experimenters ;  among  these 
Dulong  and  Petit,  and  recently  Eegnault  and  Kopp,  deserve 
especial  mention. 

From  the  observations  of  these  and  other  physicists,  it  follows 
that  each  body  has  its  peculiar  specific  heat,  and  that  the  specific 
heat  increases  with  increase  of  temperature.  If,  for  example,  the 
heat  which  the  unit  of  water  loses  by  cooling  from  10°  to  0°  be 
marked  at  10°,  then  the  loss  by  cooling  from  50°  to  0°  wiU  be,  not 
50,  corresponding  to  the  diiference  of  temperature,  but  50-1.  By 
cooKng  from  100°  to  0°  it  is  100-5,  and  rises  to  203-2  when  the 
water  is  heated  under  great  pressure  to  200°,  and  afterwards  cooled 
to_  0°.  Sinrilar  and  even  more  striking  diiferences  have  been  found 
•with  other  substances.  It  has  also  been  proved  that  the  specific 
heat  of  any  substance  is  greater  in  the  liquid  than  in  the  solid  state. 
For  example,  the  specific  heat  of  ice  is  0-504,  that  is,  not  more  than 
half  as  great  as  that  of  liquid  water. 

It  is  remarkable  that  the  specific  heat  of  water  is  greater  than 
that  of  all  other  solid  and  liquid  substances,  and  is  exceeded  only 
by  that  of  hydi-ogen.  The  specific  heat  of  the  solid  parts  of  the 
crust  of  the  globe  is  on  an  average  J,  and  that  of  the  atmosphere 
nearly  ^  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  tem- 
perature be  accurately  known,  then  from  the  quantity  of  heat 
■which  this  body  gives  out  when  quickly  dipped  into  cold  water, 
the  temperatiu-e  to  which  the  body  was  heated  may  be  deter- 
F0WNE3. — VOL.  I.  C 
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mined.  Pouillet  has  founded  on  this  fact  a  metliod  of  measuring 
high  temperatures,  and  for  this  purpose,  with  the  help  of  the  air- 
thermometer,  he  has  determined  the  specific  heat  of  platinum  up 
to  1600°. 

The  determination  of  the  specific  heat  of  gases  is  attended  -with. 
peculiar  difliculties,  on  account  of  the  comparatively  large  volume 
of  small  weights  of  gases.  For  many  gases,  however,  satisfactory 
results  have  been  obtained  by  the  method  of  mixing. 

When  a  gas  expands,  heat  becomes  latent,  that  is  to  say,  insen- 
sible to  the  thermometer;  in  fact,  the  molecular  motion  which 
constitutes  heat  is  converted  into  another  kind  of  motion  which 
overcomes  the  pressure  to  which  the  gas  is  subjected,  and  allows 
it  to  expand  (see  page  66).  The  amount  of  heat  required,  there- 
fore, to  raise  a  gas  to  any  given  temperature  increases  the  more 
the  gas  in  question  is  allowed  to  expand.  The  quantity  of  heat 
which  the  unit- weight  of  a  gas  requires  in  order  to  raise  its  tem- 
perature 1°  ■without  its  volume  undergoing  any  change  (which  can 
take  place  only  by  the  pressure  being  simultaneously  augmented) 
is  called  the  specific  heat  of  the  gas  at  constant  volume.  The 
quantity  of  heat  required  by  the  unit- weight  of  a  gas  to  raise  its 
temperatiu'e  1°,  it  being  at  the  same  time  allowed  to  dilate  to 
such  an  extent  that  the  pressure  to  which  it  is  exposed  remains 
unchanged,  is  called  the  specific  heat  of  the  gas  at  constant  pres- 
sure. According  to  what  has  already  been  stated,  the  specific  heat 
at  constant  pressure  must  be  greater  than  that  at  constant  volume. 
Dulong  found,  in  the  case  of  atmospheric  air,  of  oxygen,  of 
hydrogen,  and  of  nitrogen,  that  the  two  specific  heats  are  in  the 
proportion  1'421  :  1.  Eor  carbon  monoxide,  however,  he  obtained 
the  proportion  of  1-423,  for  carbon  dioxide  1-337,  for  nitrogen 
dioxide  1'343,  and  for  olefiant  gas  1-24  to  1.  The  exact  determi- 
nation of  these  ratios  is  extremely  difficult,  and  the  results  of  dif- 
ferent physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  heat  of  aii'  with 
that  of  water  was  made  by  Count  Rumford ;  later  comparisons  of 
the  specific  heat  of  various  gases  have  been  made  by  Delaroche 
and  Berard,  Dulong  and  Regnault. 

The  first  researches  of  Delaroche  and  Berard  fui-nished  the  re- 
sults embodied  in  the  following  table  : — 


Atmospheric  air,  . 
Oxygen, 
Hydrogen, 
Nitrogen, 

Carbon  monoxide,  . 
Nitrogen  monoxide, 
Carbon  dioxide, 
Olefiant  gas,  . 


Equal  volumes. 
The  volumes  The  pressui'e 
constant.  constant. 


Equal  Tvcichts. 
Ah'  =  1.   Water  =  1. 


1 

1 

0-2669 

1 

0-9045 

0-2414 

1 

14-4510 

3-8569 

1 

1-0295 

0-2748 

1 

1-0337 

0-2759 

1-227 

1-160 

0-7607 

0-2030 

1-249 

1-175 

0-7685 

0  2051 

1-754 

1-531 

1-5829 

0-4225 
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The  latest  and  most  trustworthy  deteririinations  are  those  of 
Eet^nault,  given  in  the  siibjoined  table,  in  the  second  column  of 
which  the  "specific  heats  of  the  several  gases  and  vapours  are  com- 
pared wth  that  of  an  equal  weight  of  water  taken  as  unity,  and 
in  the  third,  with  that  of  an  equal  volume  of  air  referred  to  its 
own  weight  of  water  as  unity.  The  latter  series  of  numbers  is 
obtained  by  multiplying  the  numbers  in  the  second  colimm  by 
the  specific  gravities  of  the  respective  gases  and  vapours  referred 
to  air  as  unity  : — 

Sjiecific  Beat 


at  Constant  Pressure. 

Specific 

For  equal 

For  equal 
volurties. 

Gravity. 
Air  -  L 

weiglits. 
Water  =  1. 

1 

0-2377 

0-2377 

1-1056 

0-2175 

0-2405 

0-9713 

0-2438 

0-2368 

0-0692 

3-4090 

0-2359 

2-4502 

0-1210 

0-2965 

5-4772 

0-0555 

0-3040 

0-9670 

0-2450 

0-2370 

1-5210 

0-2169 

0-3307 

1-5241 

0-2262 

0-3447 

1-0384 

0-2317 

0-2406 

0-9672 

0-4040 

0-4106 

0-5527 

0-5929 

0-3277 

0-6220 

0-4805 

0-2989 

1-1746 

0-2432 

0-2857 

2-2112 

0-1544 

0-3414 

2-6258 

0-1569 

0-4122 

1-2596 

0-1852 

0-2333 

0-5894 

0-5084 

0-2996 

Gases. 

Atmospheric  air, 
Oxygen,  . 
Nitrogen,  . 
Hydrogen, 
Chloriue,  . 
Bromine  vapom-. 
Carbon  monoxide. 
Carbon  dioxide, 
Nitrogen  monoxide,  . 
Nitrogen  dioxide, 
defiant  gas. 
Marsh  gas. 
Aqueous  vapour. 
Sulphuretted  hydrogen. 
Sulphur  dioxide, 
Vapour  of  carbon  bisulphide. 
Hydrochloric  acid,  . 
Ammonia, 


The  researches  of  Delaroche  and  Berard  led  them  to  suppose 
that  the  specific  heat  of  gases  increased  rapidly  as  the  tempera- 
ture was  raised,  and  that  for  a  given  volume  of  gas  it  increased 
in  proportion  to  the  density  or  tension  of  the  gas.  Eegnault  found, 
however,  the  quantity  of  heat  which  a  given  volume  of  gas  requires 
to  raise  it  to  a  certain  temperature,  to  be  independent  of  its  density; 
and  that  for  each  degi'ee  between -30°  and  225°  it  is  constant. 
Carbon  dio.xide,  however,  forms  an  exception  to  this  rule,  its 
specific  heat  increasing  with  the  temperature.  In  the  table  mean 
values  for  temperatiu-ea  between  10°  and  200°  have  l)een  given. 

Several  physicists  have  held  that  the  specific  heats  of  elementary 
gases,  referred  to  equal  volumes,  are  identical.  The  numbers  which 
Regnaidt  found  for  chlorine  and  bromine,  however,  show  that  the 
law  does  not  hold  good  for  all  elementary  gases. 

It  has  been  already  stated  that,  when  a  gas  expands  heat  beconies 
latent.  If  a  gas  on  expanding  be  not  supplied  with  the  requisite 
heat,  its  temperature  falls  on  account  of  its  own  free  heat  becoming 
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latent,  that  is  to  say,  expended  in  overcoming  pressure.  On  the 
other  hand,  if  a  gas  be  compressed,  this  latent  heat  becomes  free,  and 
causes  an  elevation  of  temperature,  which,  under  favourable  circum- 
stances, may  be  raised  to  ignition ;  syringes  by  which  tinder  is 
kindled  are  constructed  on  tins  principle. 


Change  of  State. 

1.  Fusion  and  Solidification. 

Solid  bodies  when  heated  are  expanded ;  many  are  liquefied, 
i.e.,  they  melt  or  fuse.  The  melting  of  solids  is  frequently  preceded 
by  a  gradual  softening,  more  especially  when  the  temperature 
approaches  the  point  of  fusion.  This  phenomenon  is  observed  in 
the  case  of  wax  or  iron.  In  the  case  of  other  solids — of  zinc  and 
lead,  for  instance — and  several  other  metals,  this  softening  is  not 
observed.  Generally,  bodies  expand  during  the  process  of  fusion ; 
an  exception  to  this  rule  is  water,  which  expands  during  freezing 
(10  vol.  of  water  produce  nearly  11  vol.  of  ice),  while  ice  when 
melting  produces  a  proportionately  smaller  volume  of  water.  The 
expansion  of  bodies  dm-ing  fusion,  and  at  temperatures  preceding 
fusion,  or  the  contraction  during  solidification  and  further'refrigera- 
tion,  is  very  unequal.  Wax  expands  considerably  before  fusing, 
and  comparatively  little  dming  fusion  itself.  Wax,  when  poiu-ed 
into  moulds,  fills  them  perfectly  dui-hig  solidification,  but  after- 
wards contracts  considerably.  Stearic  acid,  on  the  contrary,  expands 
very  little  before  fusion,  but  rather  considerably  during  fusion, 
and  consequently  pure  stearic  acid  when  poured  into  moulds 
solidifies  to  a  rough  porous  mass,  contracting  little  by  further 
cooling.  The  addition  of  a  little  wax  to  stearic  acid  prevents  the 
powerful  contraction  in  the  moment  of  solidification,  and  renders  it 
more  fit  for  being  moulded. 

Latent  Heat  of  Fusion.- — During  fiision  bodies  absorb  a  certain 
quantity  of  heat,  which  is  not  indicated  by  the  ■  thermometer  ;  at  a 
given  temperatm-e — the  melting  point,  for  instance — a  certain 
weight  of  substance  contains  when  solid  less  heat  than  when  liquid. 

If  equal  weights  of  water  at  0°  and  water  at  79°  be  mixed,  tlie 
temperature  of  the  mixtiu-e  wiU  be  the  mean  of  the  two  tempera- 
tm-es,  or  39 '5°.  If  the  same  exiDeriment  be  repeated  with  snow  or 
finely-powdered  ice  at  0°,  and  water  at  79°,  the  temperatm-e  of  the 
whole  will  be  only  0°,  hut  the  ice  will  have  been  melted. 


1  lb.  of  water  at  0° 
1  lb.  of  water  at  79° 
1  lb.  of  ice  at  0° 
l  ib.  of  water  at  79° 


2  1b.  water  at  39-5° 
2  lb.  water  at  0° 


In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently 
lost  as  would  have  raised  a  quantity  of  water  equal  to  that  of  the 


ice  through  a  range  of  79°. 
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The  heat,  thus  become  insensible  to  the  thermometer  in  efifecting 
the  liquefaction  of  the  ice,  is  called  latent  heat,  or  better,  heat 
of  fluidity. 

Again,  let  a  perfectly  imiform  source  of  heat  be  imagined,  of  such 
intensity  that  a  lb.  of  water  placed  over  it  would  have  its  tempera- 
ture raised  5°  per  minute.  Starting  with  water  at  0°,  in  rather 
less  than  16  minutes  its  temperatiu'e  would  have  risen  79°  ;  but  the 
same  quantity  of  ice  at  0°,  exposed  for  the  same  interval  of  time, 
would  not  have  its  temperature  raised  a  single  degree.  But,  then,  it 
would  have  become  water ;  the  heat  received  would  have  been 
exclusively  employed  in  eflecting  the  change  of  state. 

This  heat  is  not  lost,  for  when  the  water  freezes  it  is  again 
evolved.  If  a  tall  jar  of  water,  covered  to  exclude  dust,  be  placed 
in  a  situation  where  it  shall  be  quite  undistiu-bed,  and  at  the  same 
time  exposed  to  great  cold,  the  temperature  of  the  water  may  be 
reduced  10°  or  more  below  its  freezing  point  without  the  formation 
of  ice  ;  *  but  then,  if  a  little  agitation  be  communicated  to  the  jar, 
or  a  grain  of  sand  dropped  into  the  water,  a  portion  instantly 
solidifies,  and  the  temperature  of  the  whole  rises  to  0° ;  the  heat 
disengaged  by  the  freezing  of  a  small  portion  of  the  water  is 
sufficient  to  raise  the  whole  contents  of  the  jar  5°. 

This  curious  condition  of  instable  equilibrium  shown  by  the 
very  cold  water  in  the  preceding  experiment,  may  be  rej^roduced 
with  a  variety  of  solutions  which  tend  to  crystallise  or  solidify, 
but  in  which  that  change  is  for  a  while  suspended.  Thus,  a  solu- 
tion of  crystallised  sodium  sulphate  in  its  own  weight  of  warm 
water,  left  to  cool  in  an  open  vessel,  deposits  a  large  quantity  of 
the  salt  in  crystals.  If  the  warm  solution,  however,  be  filtered 
into  a  clean  flask,  which  when  full  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even  after  many 
days,  until  the  cork  is  withdrawn  and  the  contents  of  the  flask  are 
violently  shaken.  Crystallisation  then  rapidly  takes  place  iu  a 
very  beautiful  manner,  and  the  whole  becomes  perceptibly  warm. 
The  law  above  illustrated  in  the  case  of  water  is  perfectly  general. 
Whenever  a  solid  becomes  a  liquid,  a  certain  fijced  and  definite 
amount  of  heat  disappears,  or  becomes  latent ;  and  conversely, 
whenever  a  liquid  becomes  solid,  heat  to  a  corresponding  extent  is 
given  out. 

The  following  table  exhibits  the  melting  points  of  several  sub- 

*  Fused  bodies,  when  cooled  down  to  or  below  tlieir  fusing  point,  fre- 
quently remain  liquid,  more  especially  when  not  in  contact  with  solid  bodies. 
Thus,  water  in  a  mixture  of  oil  of  almonds  and  chloroform,  of  specific  gravity 
equal  to  its  own,  remains  liquid  to  -10° ;  in  a  similar  manner  i'used  sulphur 
or  phosphorus,  floating  in  a  solution  of  zinc  chloride  of  appropriate  concen- 
tration, retains  the  liquid  condition  at  temperatures  40"  below  its  fusing 
poini;.  Liquid  bodies,  thus  cooled  below  their  fusing  point,  frequently 
solidify  when  touched  with  a  solid  substance,  invariably  when  brought  in 
contact  with  a  fragment  of  the  same  body  in  the  solid  state.  A  body  thus 
retained  in  the  liquid  state  above  its  ordinary  solidifying  point,  is  said  to  bo  iu 
a  state  of  sv/rfusion  or  auperfusion. 
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stances,  aud  their  latent  heats  of  fusion  expressed  in  gram-degrees — 
that  is  to  say,  the  numbers  in  the  column  headed  "latent  heat" 
denote  the  number  of  grams  of  water,  the  temperature  of  which 
would  be  raised  1°  centigrade  by  the  quantity  of  heat  required  to 
fuse  one  gram  of  the  several  solids :  — 


Substance. 

Melting 
Point. 

Latent 
Heat. 

Substance. 

Melting 
Point. 

Latent 
Heat 

Mercury, 

-39° 

2-82 

Tin  

235° 

14-25 

Phosphorus, 

+  44 

5-0 

Silver,  .... 

1000 

21-1 

Lead,      .    .  . 

332 

6-4 

Zinc,  .... 

433 

28-1 

Sulphur,      .  . 

115 

9-4 

Calcium  chloride  ) 

28-5 

Iodine, 

107 

11-7 

(CaClaeHgO),  \ 

40-7 

Bismuth,     .  . 

270 

12-6 

Potassium  nitrate. 

339 

47-4 

Cadmium,    .  . 

320 

13-6 

Sodium  nitrate,  . 

 e  

310-5 

63-0 

Freezing  Mixtures. — When  a  solid  substance  can  he  made  to 
liquefy  by  a  weak  chemical  attraction,  cold  results,  from  sensible 
heat  becoming  latent.  This  is  the  principle  of  frigorific  mixtures. 
When  snow  or  powdered  ice  is  mixed  with  common  salt,  and 
a  thermometer  plunged  into  the  mass,  the  mercury  sinks  to 
0°  F.  (—17-7°  C),  while  the  whole  after  a  short  time  becomes 
fluid  by  the  attraction  between  the  water  and  the  salt ;  such  a 
mixture  is  very  often  used  in  chemical  experiments  to  cool  receivers 
and  condense  the  vapours  of  volatile  liquids.  Powdered  crystallised 
calcium  chloride  and  snow  produce  cold  enough  to  freeze  mercury. 
Even  powdered  potassium  nitrate,  or  sal-ammoniac,  or  ammonium 
nitrate,  dissolvecl  in  water,  occasions  a  very  notable  depression  of 
temperatm-e  ;  in  every  case,  in  short,  in  which  solution  is  unaccom- 
panied by  energetic  chemical  action,  cold  is  produced. 

No  relation  can  be  traced  between  the  actiial  melting  point  of  a 
substance  and  its  latent  heat  when  in  the  fused  state. 

2.  Vajjorisation  and  Condensation. 

A  law  of  exactly  the  same  kiud  as  that  above  described  affects 
universally  the  gaseous  condition  ;  change  of  state  from  solid  or 
liquid  to  gas  is  accompanied  by  absorijtion  of  sensible  heat,  and 
the  reverse  by  its  disengagement.  The  latent  heat  of  steam  and 
other  vapoim  may  be  ascertained  by  a  mode  of  investigation  similar 
to  that  employed  in  the  case  of  water. 

When  water  at  0°  is  mixed  with  an  equal  weight  of  water  at 
100'^,  the  whole  is  found  to  possess  the  mean  of  the  two  tempera- 
tures, or  50°  ;  on  the  other  hand,  1  part  by  weight  of  steam  at  100°, 
when  condensed  in  cold  water,  is  found  to  be  capable  of  raising 
5-4  parts  of  the  latter  from  the  freezing  to  the  boiling  point,  or 
through  a  range  of  100°.    Now  100  x  5-4  =  540°  ;  that  is  to  say, 
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steam  at  100%  in  becoming  water  at  100°,  parts  with  enough  heat 
to  raise  a  weight  of  water  equal  to  its  ov.ni  (if  it  were  possible) 
540°  of  the  thermometer,  or  540  times  its  o^vn  weight  of  water  one 
deo-ree.  When  water  passes  into  steam  the  same  quantity  of 
sensible  heat  becomes  latent. 

The  vapoiu's  of  other  liquids  seem  to  have  less  latent  heat  than 
that  of  water.  The  following  table  is  by  Dr  Aiidi'ews  of  Belfast, 
and  serves  well  to  iUustrate  this  point.  The  latent  heats  are 
expressed,  as  in  the  last  table,  in  gram-degrees  :— 


Vapour  of  water, 
,  alcohol, 


ether, 
oxalic  ether,  . 
acetic  ether,  . 
ethylic  iodide, 
wood  spirit,  . 
carbon  bisulphide, 
tia  tetrachloride, 
bromine, 
oil  of  turpentine, 


Latent  Heat. 
535-90° 
202-40 
90-45 
72-72 
92-68 
46-87 
263-70 
86-67 
30-35 
45-66 
74-03 


Boiling  or  Ebullitionis  occasioned  by  the  formation  of  bubbles 
of  vapour  within  the  body  of  the  evaporating  liquid,  which  rise 
to  the  surface  like  bubbles  of  permanent  gas.  This  occurs  in  different 
liquids  at  very  different  temperatiu-es.  Under  the  same  circum- 
stances, the  boiling  point  is  quite  constant,  and  often  becomes 
a  physical  character  of  great  importance  in  distinguishing  liquids 
which  inuch  resemble  each  other.  A  few  cases  may  be  cited  in 
illustration  : — 


Substance. 
Aldehyde, 
Ether, 

Carbon  bisulphide. 
Alcohol,  . 
Water, 

Nitric  acid,  strong. 
Oil  of  turpentine. 
Sulphuric  acid. 
Mercury,  . 


Boiling  Point. 

.  20-8° 

.  34-9 

.  46-1 

.  78-4 

.  100 

.  120 

.  157 

.  326-6 

.  350 


For  elntllition  to  take  place,  it  is  necessary  that  the  elasticity  ot 
the  vapour  should  be  able  to  overcome  the  cohesion  of  the  liquid 
and  the  pressure  upon  its  sxu-face  :  hence  the  extent  to  which  the 
boiling  point  may  be  modified.  ^ 

Water,  under  the  usual  ]!ressure  of  the  atmosphere,  boils  at  100 
(212°  F.)  ;  in  a  partially  exhausted  receiver  or  on  a  mouiitani-top 
it  boils  at  a  mucn  lower  temperature  ;  and  in  the  best  vacuum  oi 
an  air-]>ump.  over  oil  of  vitriol,  which  absorbs  the  vapour,  it  -will 
often  enter  into  violent  ebullition  while  ice  is  in  the  act  of  forming 
upon  the  surface. 
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On  tne  other  hand,  water  confined  in  a  very  strong  metalKc  vessel 
may  be  restrained  from  boiling  by  the  pressure  of  its  own  vapour 
to  an  almost  unlimited  extent;  a  temperature  of  177°  or  204°  is 
very  easily  obtained,  and,  in  fact,  it  is  said  that  water  may  be  made 
red-hot,  and  yet  retain  its  liquidity. 

There  is  a  very  simple  and  beautiful  experiment  iUustrative  of 
the  ettect  ot  dimimshed  pressure  in  lowering  the  boiling  point  of 
a  liquid.  A  little  water  is  made  to  boil  for  a  few  minutes  in  a 
flask  or  retort  placed  over  a  lamp,  until  the  air  has  been  chased 
out  and  the  steam  issues  freely  from  the  neck.  A  tightly  fitting 
cork  IS  then  inserted,  and  the  lamp  at  the  same  moment  with- 
drawn. When  the  boiling  ceases,  it  may  be  renewed  at  pleasure 
ior  a  considerable  time  by  pouring  cold  water  on  the  flask,  so  as  to 
condense  the  vapour  within,  and  occasion  a  partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
exercises  an  mfluence  upon  the  boiKng  poiut,  and  this  to  a  much 
greater  extent  than  was  formerly  supposed.  It  has  long  been 
noticed  that  in  a  metallic  vessel  water  boils,  under  the  same 
cu-cumstances  of  pressure,  at  a  temperature  one  or  two  degrees  below 
that  at  which  ebullition  takes  place  in  glass  ;  but  by  particular 
management  a  much  greater  difference  can  be  observed.  If  two 
similar  glass  flasks  be  taken,  the  one  coated  in  the  inside  with  a 
film  of  shellac,  and  the  other  completely  cleansed  by  hot  sulphuric 
acid,  water  heated  over  a  lamp  in  the  fii-st  wiU  boil  at  99-4°  while 
m  the  second  it  wiU  often  rise  to  105°  or  even  higher ;  a  momentary 
burst  of  vapour  then  ensues,  and  the  thermometer  smks  a  few 
degrees,  after  which  it  rises  again.  In  this  state,  the  uiti'oduction 
of  a  few  metalHc  tilings,  or  angular  fragments  of  any  kind,  occasions 
a  lively  disengagement  of  vapour,  while  the  temperature  sinks  to 
100  ,  and  there  remains  stationary.  These  remarkable  effects  must 
be  attributed  to  an  attraction  between  the  surface  of  the  vessel  and 
the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify 
with  reluctance,  but  also  assume  the  gaseous  condition  with  greater 
difficulty.  Drops  of  water  or  of  aqueous  saline  solutions  floating 
on  the  contact-surface  of  two  liquids,  of  which  one  is  heavier  and 
the  other  Lighter,  may  be  heated  fi-om  10  to  20  degrees  above  the 
ordmary  boilmg  point ;  explosive  ebuUition,  however,  is  instan- 
taneously induced  by  contact  with  a  solid  substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary 
pressm-e  of  the  atmosphere  expands  into  1696  cubic  inches,  or 
nearly  a  cubic  foot. 

Steam,  oiot  in  contact  with  water,  is  affected  by  heat  ia  the  same 
manner  as  the  permanent  gases  ;  its  rate  of  expansion  and  increase 
of  elastic  force  are  practically  the  same.  When  water  is  present, 
the  rise  of  temperatm-e  increases  the  quantity  and  density  of  the 
steam,  and  hence  the  elastic  force  increases  in  a  far  more  rapid 
proportion. 

This  elastic  force  of  steam  in  contact  with  Avater,  at  difterent 
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temperatiu-es,  has  been  very  carefully  determmed  by  Ai-ago  and 
Dillon",  and  lately  by  Magnus  and  Regnault.  The  force  is 
expressed  in  atmospheres ;  the  absolute  pressiu'e  upon  any  given 
snriace  can  be  easily  calculated,  allowing  14-6  lb.  per  square  inch 
to  each  atmosphere.  The  experiments  were  carried  to  twenty-hve 
atmospheres— at  which  point  the  dilficulties  and  danger  became 
so  -Teat  as  to  put  a  stop  to  the  inquiry ;  the  rest  of  the  table  is 
the'i-esult  of  calculations  founded  on  the  data  so  obtamed  :— 


Pressm  e  of  Steam 
in  Atmospheres. 

1 

1-  5 

2 

2-  5 

3 

3-  5 
4 

4-  5 

5 

5-  5 
6 

6-  5 
7 

7-  5 
8 

9 
10 
11 
12 


CoiTesponding 
Temperatm-e. 

100° 

112 

122 

102 

135 

140-5 

145-5 

149 

153 

157 

160 

163 

167 

169 

172 

177 

182 

186 

190 


Pressure  of  Steam 
in  Atmospheres. 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
30 
35 
40 
45 

50  ■ 


Corresponding 
Temperature. 

194° 

197 

200-5 

203 

207 

209 

212 

214 

217 

219 

222 

224 

226 

236 

245 

253 

255 

266 


It  is  very  interesting  to  know  the  amount  of  heat  requisite  to 
convert  water  of  any  given  temperature  into  steam  of  the  same  or 
another  given  temperature.  The  most  exact  experiments  on  this 
subject  have  been  made  by  Kegnault.  He  arrived  at  this  result, 
that  when  the  unit- weight  of  steam  at  the  temperature  t°  is  con- 
Verted  into  water  of  the  same  temperature,  and  then  cooled  to  0°, 
its  gives  out  the  quantity  of  heat  T,  which  is  represented  by  the 
formula  : — 

r=  606-5 +  0-305  t. 

This  formula  appears  to  hold  good  for  temperatures  both  above 
and  below  the  ordinary  boiling  point  of  water.  The  following  table 
gives  the  values  of  T,  corresponding  to  the  respective  temperatiu-es 
in  the  first  column  : — 

t  T 

0°  606-5° 

50  621-7' 

100  637-0 

1.50  652-2 

200  667-5 
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T  IS  called  the  total  heat  of  steam,  being  the  heat  required  to 
raise  water  from  0°  to  t,  together  with  that  which  becomes  latent 
by  the  transformation  of  water  at  t°  into  steam  at  t°.  Regnault 
states,  as  a  result  of  some  very  delicate  experiments,  that  the  heat 
necessary  to  raise  a  imit-weight  of  water  from  0°  to  t°  is  not  exactly 
denoted  by  t;  the  discrepancy,  however,  is  so  small  that  it  may  be 
disregarded.  Employiag  the  approximate  value,  the  Latent  heat  of 
steam,  L,  at  any  temperature  will  be  found  by  subtracting  t  from 
the  total  heat ;  or,  according  to  the  formula  :— 

L  =  606-5  -  0-695  t. 
This  equation  shows  us  the  remarkable  fact  that  the  latent  heat 
of  steam  diminishes  as  the  temperatui-e  rises.  Before  Regnault's 
experiaients  were  made,  two  laws  of  great  simplicity  were  generally 
admitted,  one  of  which,  however,  contradicted  the  other.  Watt 
concluded,  from  experiments  of  his  own,  as  well  as  from  theoretical 
speculations,  that  the  total  heat  of  steam  would  be  the  same  at  all 
temperatm-es.  Were  this  true,  equal  weights  of  steam  passed  into 
cold  water  would  always  exhibit  the  same  heatiug  power,  no  matter 
what  the  temperature  of  the  steam  might  be.  Exactly  the  same 
absolute  amount  of  heat,  and  consequently  the  same  quantity  of 
fuel,  would  be  reqim-ed  to  evaporate  a  given  weight  of  water  in 
vacuo  at  a  temperature  which  the  hand  can  bear,  or  imder  great 
pressure  and  at  a  high  temperature.  Watt's  law,  though  agreeing 
well  with  the  rough  practical  results  obtained  by  engineers,  is  only 
approxmiately  true ;  and  the  same  may  be  said  of  the  deductions 
which  have  just  been  made  from  it.  The  second  law,  in  opposition 
to  Watt's,  IS  that  of  Southern,  stating  the  latent  heat  of  steam  to  be 

Fig  23. 


the  same  at  all  temperatures.  Regnault's  researclies  have  ((hovm 
that  neither  Watt's  law  {T  constant)  nor  Southern's  law  (L  constant) 
is  correct. 
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Bistillation.—Tha  process  of  distillation  is  very  simple  :  its  object 
is  either  to  separate  substances  whicb  rise  in  A'apour  at  difl'erent 
temperatures,  or  to  part  a  volatile  liquid  from  a  substance  incapable 
of  volatilisation.  The  same  process  applied  to  bodies  which  pass 
dii-ectly  fi-om  the  solid  to  the  gaseous  condition,  and  the  reverse,  is 
called  sublimation.  Every  distillatory  apparatus  consists  essentially 
of  a  boiler,  in  which  the  vapour  is  raised,  and  of  a  condenser,  in 
which  it  retiu'ns  to  the  liquid  or  solid  condition.  In  the  stilL 
employed  for  manidactiu-ing  purjjoses,  the  latter  is  usually  a  spiral 
metal  tube  immersed  in  a  tub  of  water.  The  common  retort  and 
receiver  constitute  the  simplest  arrangement  for  distillation  on  the 
small  scale  ;  the  retort  is  heated  by  a  gas  lamp,  and  the  receiver  as 
kept  cool,  if  necessary,  by  a  wet  cloth,  or  it  may  be  snirounded  with 
ice  (fig.  23).         •  .  ^ 

Liebig's  condenser  (fig.  24)  is  a  very  valuable  instrument  m  the 
laboratory ;  it  consists  of  a  glass  tube  tapering  from  end  to  end, 
fixed  by  perforated  corks  in  the  centre  of  a  metal  pipe,  provided 
with  tubes  so  arranged  that  a  current  of  cold  water  may  cii'culate 
through  the  apparatus.  By  putting  ice  into-  the  little  cistern,  the 
water  may  be  kept  at  0°,  and  extremely  volatile  liciuids  condensed. 


Fig.  24. 


Tension  of  Vapours—Liquids,  evaporate  at  temperatures  below 
their  boiling  points  ;  in  this  case  the  evaporation  takes  place  slowly 
from  tlie  surface.  Water,  or  alcoliol,  exposed  in  an  open  vessel  at 
the  temperature  of  the  air,  gradually  disappears  ;  the  more  ra])idly, 
the  warmer  and  drier  the  air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases 
in  general  had  the  power  of  dissolving  and  holding  in  solution 
certain  quantities  of  liquids,  and  that  this  power  increased  with 
the  temperature; ;  such  an  idea  is  incorrect. 

If  a  baromtiter-tube  be  carefully  filled  with  mercury  and  inverted 
in  the  usual  manner,  and  then  a  few  drops  of  water  passed  up  the 
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tube  mto  the  vacuum  above,  a  very  remarkable  effect  will  be 
observed,— the  mercury  wiU  be  depressed  to  a  small  extent,  and 
tins  depression  will  increase  with  increase  of  temperature.  Now 
as  the  space  above  the  mercury  is  void  of  air,  and  the  weight  of 
the  lew  drops  of  water  quite  inadequate  to  account  for  this  depres- 
sion. It  must  of  necessity  be  imputed  to  the  vapour  which  instan- 
taneously rises  from  the  water  into  the  vacuum  ;  and  that  this  effect 
IS  really  due  to  the  elasticity  of  the  aqueous  vapom-,  is  easily  proved 
by  exposmg  the  barometer  to  a  heat  of  100°,  when  the  depression  of 
the  mercmy  will  be  complete,  and  it  will  stand  at  the  same  levpl 
withm  and  without  the  tube ;  indicatmg  that  at  that  temperature 
the  elasticity  of  the  vapour  is  equal  to  that  of  the  atmosphere— a 
fact  which  the  phenomenon  of  ebullition  has  already  shown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping  into 
Fig.  25.  ■  the  mercury  below  (fig.  25),  and  then  filling  this  tube 
with  water  at  different  temperatm-es,  the  tension  of  the 
aqueous  vapour  for  each  degree  of  the  thermometer  may 
be  accurately  determined  by  its  depressing  effect  upon 
the  mercurial  column  ;  the  same  power  which  forces  the 
latter  dovm  one  inch  against  the  pressure  of  the  atmo- 
sphere, would  of  coui-se  elevate  a  column  of  mercury  to 
the  same  height  against  a  vacuum,  and  in  this  way  the 
tension  may  be  conveniently  expressed.  The  following 
table  was  drawn  up  by  Dalton,  to  whom  we  owe  the 
method  of  investigation  : — 


Temperature. 

Tension  in 
Indies  of 

F. 

C. 

Mercury. 

32° 

0° 

0.200 

40 

4-4 

0-263 

50 

10 

0-375 

60 

15-5 

0-524 

70 

21-1 

0-721 

.80 

26-6 

1-000 

90 

32-2 

1-360 

100 

37-7 

1-860 

110 

43-3 

2-530 

120 

48-8 

3-330 

Temperature. 

Tension  in 
Indies  of 

F. 

C. 

Mercuiy. 

130° 

54-4° 

4-34 

140 

60 

5-74 

150 

65-5 

7-42 

160 

71-1 

9-46 

170 

76-6 

1213 

180 

82-2 

15-15 

190 

87-7 

1900 

200 

93-3 

23-64 

212 

100 

30-00 

Another  table  representing  the  tension  of  the  vapour 
ol  water,  drawn  up  by  Regnault,  is  given  in  the  Appendix 
to  this  volume. 

Other  liquids  tried  in  this  manner  are  foimd  to  emit 
vapours  of  gi-eater  or  less  tension,  for  the  same  tempera- 
tui-e,  according  to  their  different  degi-ees  of  volatility  - 
thus,  a  little  ether  introduced  into  the  tube  depresses 
the  mercmy  10  inches  or  more  at  the  ordinary  tem- 
perature of  the  air ;  oil  of  vitriol,  on  the  other  hand,  does  not 
emit  any  sensible  quantity  of  vapoiu-  until  a  much  greater  heat  is 
applied ;  and  that  given  off  by  mercmy  itself  in  ^-avm  summer 
weather,  although  it  may  be  detected  by  very  delicate  means  is 
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Temperature. 

F. 

C. 

32" 

0° 

50 

10 

60 

15-5 

100 

37-7 

150 

65-5 

212 

100 

cr,„„ifl„  r^o^^^  Weight  of  100  Cubic 
Specific  GraTity.       ^  j^^^^^^ 

0-136  graius. 
0-247  „ 


5-690 
10-293 
14-108 
46-500 
170-293 
625-000 


0-  338 

1-  113 
4-076 

14-962 


far  too  little  to  exercise  any  effect  upon  the  barometer.  In  the 
case  of  water,  the  evaporation  is  quite  distinct  and  perceptible  at 
the  lowest  temperatures  when  frozen  to  solid  ice  in  the  barometer- 
tube  ;  snow  on  the  groimd,  or  on  a  housetop,  may  often  be  noticed 
to  vanish,  fi'om  the  same  cause,  day  by  day  in  the  depth  of  winter, 
when  melting  is  impossible.  ,  •  ,  • 

There  exists  for  each  vapour  a  state  of  density  which  it  cannot 
pass  without  losing  its  gaseous  condition,  and  becoming  liquid ; 
this  is  called  the  condition  of  maximum  density.  When  a  volatile 
liquid  is  introduced  in  sutficient  quantity  into  a  vacuum,  this 
condition  is  always  reached,  and  then  evaporation  ceases.  Any 
attempt  to  increase  the  density  of  this  vapour  by  pig.  26. 
compressing  it  into  a  smaller  space  will  be  attended 
by  the  liquefaction  of  a  portion,  the  density  of  the 
remainder  being  unchanged.  If  a  little  ether  be  in- 
troduced into  a  barometer,  and  the  latter  slowly  sunk 
into  a  very  deep  cistern  of  mercmy  (fig.  26)  it  wiU  be 
foimd  that  the  height  of  the  column  of  merciuy  in  the 
tube  above  that  in  the  cistern  remains  imaltered  until 
the  upper  extremity  of  the  barometer  approaches  the 
surface  of  the  metal  in  the  column,  and  all  the  ether 
has  become  liquid.  It  Avill  be  observed  also,  that, 
as  the  tube  sinks,  the  stratum  of  Liquid  ether  increases 
in  thickness,  but  no  increase  of  elastic  force  occurs 
in  the  vapour  above  it,  and  consequently,  no  increase 
of  density  :  for  tension  and  density  are  always,  under 
ordinary  circumstances  at  least,  cLLrectly  proportion- 
ate to  each  other. 

The  maximum  density  of  vapours  is  dependent 
upon  the  temperature  ;  it  increases  rapidly  as  the 
temperatitre  rises.  This  is  well  shown  in  the  case 
of  water.  Thus,  taking  the  spec.  grav.  of  atmo- 
spheric air  at  100°  =  1000,  that  of  aqueous  vapour  in 
its  greatest  state  of  compression  for  the  temperature 
will  be  as  follows  : — 


The  last  number  was  experimentally  found  by 
Gay-Lussac ;  the  others  are  calculated  from  that 
by  the  aid  of  Dalton's  table  of  tensions,  on  the 
assumption  that  steam,  not  in  a  state  of  saturation,  that  is,  below 
the  poiat  of  greatest  density,  obeys  Boyle's  law  (which  is,  however, 
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only  approximately  true),  and  that  when  it  is  cooled  it  contracts 
like  the  permanent  gases. 

Thns,  there  are  two  distinct  methods  by  which  a  vapour  may  be 
reduced  to  the  liquid  fovm—2n'essure,  by  causing  increase  of  density 
rmtil  the  point  of  maximmn  density  for  a  given  temperature  is 
reached  ;  and  cold,  by  which  the  point  of  maximum  density  is  itself 
lowered.  The  most  powerful  effects  are  produced  when  both  are 
conjoined. 

For  example,  if  100  cubic  inches  of  vapour  of  water  at  100°  F.,  in 
the  state  above  described,  had  its  temperature  reduced  to  50°  F., 
not  less  than  0'89*  grain  of  liquid  water  would  necessarily  sepai-ate, 
or  very  nearly  eight-tenths  of  the  whole. 

Evaporation  into  a  space  filled  with  air  or  gas  follows  the  same 
law  as  evaporation  into  a  vacuum  ;  as  much  vapour  rises,  and  the 
condition  of  maximum  density  is  assumed  in  the  same  manner,  as 
if  the  space  were  perfectly  empty ;  the  sole  difference  lies  in  the 
length  of  time  requu'ed.  When  a  liquid  evaporates  into  a  vacuum, 
the  point  of  greatest  density  is  attained  at  once,  while  in  the 
other  case  some  time  elapses  before  this  happens  :  the  particles  of 
air  appear  to  oppose  a  sort  of  mechanical  resistance  to  the  rise  of 
the  vapour.    The  ultimate  effect  is,  however,  precisely  the  same. 

When  to  a  quantity  of  perfectly  diy  gas  confined  in  a  vessel 
closed  by  mercmy,  a  little  water  is  added,  the  latter  immediately 
begins  to  evaporate,  and  after  some  time  as  much  vapom-  will  be 
found  to  have  risen  from  it  as  if  no  gas  had  been  present,  the 
quantity  depending  entirely  on  the  temperatm'e  to  which  the  whole 
is  subjected.  The  tension  of  this  vapour  will  add  itself  to  that  of 
the  gas,  and  produce  an  expansion  of  volume,  which  will  be 
indicated  by  an  alteration  of  level  in  the  mercmy. 

Vapour  of  water  exists  in  the  atmosphere  at  all  times,  and  in  all 
situations,  and  there  plays  a  most  important  part  in  the  economy  of 
nature.  The  proportion  of  aqueoiis  vapour  present  in  the  air  is 
subject  to  great  variation,  and  it  often  becomes  important  to  deter- 
mine its  quantity.  This  is  easily  done  by  the  aid  of  the  foregoing 
princijjles. 

Dew-point.- — If  the  aqueous  vapour  be  in  its  condition  of  greatest 
possible  density  for  the  temperatm'e,  or,  as  it  is  fi-equently  but  most 
incorrectly,  expressed,  the  aii-  be  satui-ated  with  vapour  of  water,  the 
slightest  reduction  of  temperatm-e  will  cause  the  deposition  of  a 
portion  in  the  liquid  form.  If,  on  the  contrary,  as  is  almost  alw-ays 
in  reality  the  case,  the  vapour  of  water  be  belotv  its  state  of  maximum 
density,  that  is,  in  an  expanded  condition,  it  is  clear  that  a  consider- 
able fall  of  temperati.u-e  may  occur  before  liquefaction  commences. 
The  degree  at  which  this  takes  place  is  called  the  dew-point,  and 
it  is  determined  with  great  facility  by  a  very  .simple  method.  A 
little  cup  of  tliin  tin-plate  or  silver,  well  polished,  is  filled  -with 
water  at  the  temperature  of  the  aii',  and  a  delicate  thermometer 

*100  cul3.  inch,  aqueous  vapour  at  100°  F.,  weighing  1-113  grain,  would 
at  50°  F.  become  reduced  to  91-07  cub.  inch.,  weighing  0-225  grain. 
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inserted.  The  water  is  then  cooled  by  dropping  in  fragments  of  ice, 
or  dissolving  in  it  powdered  sal-ammoniac,  until  moisture  begins  to 
make  its  appearance  on  the  outside,  dinnning  the  bright  metallic 
siu-1'ace.  The  temperatiu-e  of  the  dew-point  is  then  read  off  upon 
the  thermometer,  and  compared  with  that  of  the  aii-. 

Suppose,  by  way  of -example,  that  the  latter  were  70°  F.,  and 
the  dew-point  50°  F.,  the  elasticity  of  the  watery  vapour  present 
would  correspond  to  a  maximum  density  proper  to  50°  F.,  and 
would  support  a  column  of  mercury  0-375  inch  high.  If  the 
bai'ometer  on  the  spot  stood  at  30  inches,  therefore,  29-625  inches 
would  be  supported  by  the  pressm-e  of  the  cby  aii-,  and  the  remain- 
in"  0-375  inch  by  the  vapour.  Now,  a  cubic  foot  of  such  a  mixture 
must  be  looked  upon  as  made  up  of  a  cubic  foot  of  di-y  air,  and  a 
cubic  foot  of  watery  vapom-,  occupying  the  same  space,  and  having 
tensions  indicated  by  the  numbers  just  mentioned.  A  cubic  foot, 
or  1728  cubic  inches  of  vapour  at  70°  F.,  would  become  reduced 
by  contraction,  according  to  the  usual  law,  to  1662-8  cubic  inches 
at  50°  F. ;  this  vapour  would  be  at  its  maximum  density,  having 
the  specific  gravity  pointed  out  in  the  table  :  hence  1662-8  cubic 
inches  would  weigh  4-11  grains.  The  weight  of  the  aqueous  vapoiir 
contained  in  a  cubic  foot  of  air  will  thus  be  ascertained.  In  this 
country  the  difference  between  the  temperature  of  the  air  and  the 
dew-point  seldom  reaches  30°  F.  (16-6°  C);  but  in  the  Deccan, 
with  a  temperatiu-e  of  90°  F.  (32-2°  C),  the  dew-point  sints  as  low 
as  29°  F.,  making  the  degrees  of  dryness  61°  F.* 

Liquefaction  of  Gases.— The  perfect  resemblance  in  every  respect 
which  vapours  bear  to  permanent  gases,  led,  very  naturally,  to  the 
idea  that  the  latter  might,  by  the  application  of  suitable  means,  be 
made  to  assume  the  Hcjuid  state,  and  this  surmise  has  been  verified 
to  a  great  extent  by  the  experiments  of  Faraday.  Out  of  the  small 
number  of  such  substances  tried,  no  fewer  than  eight  gave  way  ; 
and  it  is  quite  fair  to  infer  that,  had  means  of  suflicient  power 
been  at  hand,  the  rest  would  have  shared  the  same  fate,  and  proved 
to  be  nothing  more  than  the  vapours  of  volatile  liquids  in  a  state 
very  far  removed  from  that  of  their  maximum  density.  The 
subjoined  table  represents  the  results  of  Faraday's  fii'st  investigations, 
with  the  pressure  in  atmospheres,  and  the  temperatm-es  at  which 
the  condensation  takes  place. 


Sulphur  dioxide, 
Hydrogen  sulphide, 
Carbon  dioxide,  . 
Chlorine, 

Nitrogen  monoxide, 
Cyanogen, 
Ammonia, 
Hydrochloric  acid, 

*Daniell,  Introduction  to  Chemical  Philosophy,  p.  15-1. 


Atmospheres. 

Tempevatui-es. 
F.  C. 

2 

45° 

7-2° 

.  17 

50 

10 

.  36 

32 

0 

4 

60 

15-5 

.  50 

45 

7-2 

3-6 

45 

7-2 

6-5 

50 

10 

.  40 

60 

10 
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THe  method  of  proceeding  was  very  simple  :  the  materials  were 
sealed  up  in  a  strong  narrow  tube,  together  with  a  little  pressure- 
gauge,  consisting  of  a  slender  tube  closed  at  one  end,  and  ha^^ng 
within  it,  near  the  open  extremity,  a  globule  of  mercury.  The  gas 
being  disengaged  by  heat,  accumulated  in  the  tube,  and  by  its 
own  pressui'e  brought  about  condensation.  The  force  required  for 
this  purpose  was  judged  of  by  the  diminution  of  volume  of  the 
air  in  the  gauge. 

Fig.  27. 


By  the  use  of  narrow  green  glass  tubes  of  great  strength,  power- 
ful condensing  syringes,  and  an  extremely  low  temperature,  pro- 
duced by  means  to  be  presently  described,  olefiant  gas,  hydriodic 
and  hydrobromic  acids,  phosphoretted  hydrogen,  and  the  gaseous 
fluorides  of  silicon  and  boron,  were  successively  liquefied.  Oxygen, 
hydrogen,  nitrogen,  nitrogen  dioxide,  carbon  monoxide,  and  marsh 
g?is,  refused  to  liquefy  even  at  —  166°  F.  while  subjected  to  pressures 
varying  from  27  to  58  atmospheres. 

Sir  Isambard  Brunei,  and,  more  recently,  M.  Thilorier,  of  Paris, 
succeeded  in  obtaining  liquid  carbon  dioxide  (commonly  called 
carbonic  acid)  in  great  abundance.  ThiLorier's  apparatus  (fig  28) 
consists  of  a  pair  of  extremely  strong  metallic  vessels,  one  of  which 
is  destined  to  serve  the  purpose  of  a  retort,  and  the  other  that  of 
a  receiver.  They  are  made  either  of  thick  cast  iron  or  gun  metal, 
or,  still  better,  of  the  best  and  heaviest  boiler-plate,  and  are  fur- 
nished with  stop-cocks  of  a  peculiar  kind,  the  workmanship  of 
which  must  be  excellent.  The  generating  vessel  or  retort  has  a  pair 
of  trunnions  upon  which  it  swings  in  an  iron  fi'ame.  The  joiuts 
are  secured  by  collars  of  lead,  and  every  precaution  is  taken  to  pre- 
vent leakage  under  the  enormous  pressm-e  the  vessel  has  to  bear. 
The  receiver  resembles  the  retort  in  every  respect ;  it  has  a  similar 
stop-cock,  and  is  connected  with  the  retort  by  a  sti'ong  copper  tube 
and  a  pair  of  union  screw-joints ;  a  tube  passes  from  the  stop-cock 
downwards,  and  terminates  near  the  bottom  of  the  vessel. 

The  operation  is  thus  conducted :  2|  lb.  of  acid  sodium  carbo- 
nate, and  6^  lb.  of  water  at  100°  F.,  are  introduced  into  the 
generator ;  oU  of  vitriol  to  the  amount  of  1^  lb.  is  poured  into  a 
copper  cylindrical  vessel,  which  is  lowered  do^^^l  into  the  mixture, 
and  set  upright ;  the  stop-cock  is  then  screwed  into  its  place,  and 
forced  home  by  a  spanner  and  mallet.  The  machine  is  next  tilted 
up  on  its  truimions,  that  the  acid  may  run  out  of  the  cylinder  and 
mix  with  the  other  contents  of  tlie  generator ;  and  this  mixture  is 
favoured  by  swinging  the  whole  backwards  and  forwards  for  a  few 
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minutes,  after  which  it  may  be  suffered  to  remain  a  little  time 
at  rest. 

The  receiver,  surrounded  witli  ice,  is  next  connected  with,  the 
generator,  and  both  cocks  are  opened ;  the  liquefied  carbon  dioxide 
distUs  over  into  the  colder  vessel,  and  there  again  in  part  condenses. 
The  cocks  are  now  closed,  tlie  vessel  is  disconnected,  the  cock  of  the 
generator  opened  to  allow  the  contained  gas  to  escape ;  and,  lastly, 
when  the  issue  of  gas  has  quite  ceased,  the  stop-cock  itself  is  un- 
screwed, and  the  sodium  sulphate  tiu-ued  out.  This  operation  must 
be  repeated  five  or  six  times  before  any  considerable  quantity  of 
liquefied  carbon  dioxide  will  have  accumulated  in  tlie  receiver. 


"When  the  receiver  thus  charged  has  its  stop-cock  opened,  a  stream 
of  the  licpiid  is  forcibly  driven  up  the  tube  by  the  elasticity  of  the 
gas  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  great  personal  danger  in  using  this 
apparatus,  unless  the  utmost  care  be  taken  in  its  mauiigement.  A 
dreadful  accident  occurred  in  Paris  by  the  bursting  of  one  of  the 
iron  vessels. 

Liquid  carbon  dioxide  is  also  very  frequently  prejiared  by  means 
of  an  apparatus  constructed  by  Natterer,  of  Vienna,  whicli  enables 
the  experimentalist  to  work  with  less  risk.  The  gas,  disengaged 
by  means  of  sidphuric  acid  from  acid  potassium  carbonate,  is 
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pumped  by  means  of  a  force-pump  into  a  wrought  iron-vessel, 
exactly  as  the  ah  is  pumped  into  the  receiver  of  an  air-gun.  When 
a  certain  pressm-e  has  been  reached,  the  gas  is  liquefied,  and  if  the 
pressure  be  continued  considerable  quantities  of  the  liquid  carbon 
dioxide  may  be  thus  obtained.  By  this  apparatus,  nitrous  oxide  has 
been  condensed  to  a  liquid  without  the  use  of  frigoritic  mixtures. 

Complete  Vaporisation  of  Liquids  under  great  Pressures. — When 
the  temperatm-e  of  a  liquid  is  raised  sufficiently  high,  vaporisation 
occurs  under  the  highest  pressure  to  which  the  substance  can  be 
subjectecl.  Alcohol,  ether,  or  rock-oil,  enclosed  in  a  tube  of  strong 
glass  or  iron,  is  completely  converted  into  vapour,  only  when  the 
space  not  occupied  by  the  liquid  is  somewhat  greater  than  the 
volume  of  the  liqidd  itself.  With  rock-oil  the  empty  space  may 
be  somewhat  smaller  than  with  alcohol,  and  with  ether  still  less. 
Alcohol  when  thus  heated  acquires  increased  mobility,  expands 
to  twice  its  original  volume,  and  is  then  suddenly  converted  into 
vapour.  This  change  takes  place  at  207°  C.  (404-6°  F.),  when 
the  alcohol  occu.pies  just  half  the  volume  of  the  tube;  if  the  tube 
is  more  than  half  filled  with  alcohol,  it  bursts  when  heated.  A 
glass  tube  one-third  filled  with  water  becomes  opaque  when  heated, 
and  bm-sts  after  a  few  seconds.  If  this  chemical  action  of  the 
water  on  the  glass  be  diminished  by  the  addition  of  a  little  car- 
bonate of  soda,  the  transparency  of  the  glass  will  be  much  less 
impaired;  and  if  the  space  occupied  by  the  water  be  J  of  the 
whole  tube,  the  liquid  will  be  converted  into  vapour  at  about  the 
temperature  of  melting  zinc.  These  observations  were  made  by 
Cagniard  de  Latom-  in  1822. 

In  like  manner  Dr  Andi-ews  has  observed  that  when  liquid 
carbon  dioxide  is  gi-aduaUy  heated  in  a  sealed  tube  to  31°,  the 
surface  of  demarcation  between  the  liquid  and  gas  becomes  fainter, 
loses  its  cui-vature,  and  at  last  disappears.  The  space  is  then 
occupied  by  a  homogeneous  fluid,  which  exhibits,  when  the  pres- 
sure is  suddenly  diminished,  or  the  temperatiu-e  slightly  lowered, 
a  peculiar  appearance  of  moving  or  flickering  strise  throughout  its 
entii-e  mass.  At  temperatures  above  31°  no  apparent  liquefaction 
of  carbon  dioxide  or  separation  into  two  distinct  forms  of  matter 
can  be  effected,  even  under  a  pressm-e  of  300  or  400  atmospheres. 
Similar  results  are  obtained  with  nitrous  oxide. 

It  appears  indeed  that  there  exists  for  every  liquid  a  temperature, 
called  by  Andi-ews  the  "critical  point,"  above  which  no  amoinjt  of 
pressm-e  is  sufficient  to  retain  it  in  the  liquid  form ;  it  is  therefore 
not  surprising  that  mere  pressm-e,  however  intense,  should  fail  to 
liquefy  many  bodies  which  usually  exist  in  the  form  of  gas. 

Under  the  enormous  pressures  to  which  gases  can  be  thus  sub- 
jected, without  liquefaction,  they  are  found  to  deviate  greatly 
from  the  laws  of  Boyle  and  Gay-Lussac  (pp.  25,  30).  Andrews  has 
recently  fouud  that  carbon  dioxide,  at  60-7°  under  a  pressure  of 
223  atmosj)here8,  is  reduced  to  5^  of  its  original  volume,  or  to  less 


HEAT. 


;5l 


than  one-lialf  the  volume  it  should  occupy  if  it  contracted  accord- 
ing to  Boyle's  law.  The  co-efficient  of  expansion  of  the  same  gas 
by  heat  mcreases  rapidly  with  the  pressure  ;  between  6°  and  64  it 
is'  H  times  as  great  under  22  atmospheres,  and  more  than  2|  times 
as  great  at  40  atmospheres,  as  at  the  pressure  of  1  atmosphere.* 

Cold  jn-oduced  hy  Evaporation. — This  effect  has  been  abeady 
adverted  to  :  it  arises  fi-om  the  conversion  of  sensible  heat  into 
latent  by  the  rising  vapour,  and  may  be  illustrated  in  a  variety 
of  ways.  Ether  dropped  on  the  hand  produces  the  sensation  of  great 
cold  ;  and  water  contained  in  a  thin  glass  tube,  surrounded  by  a  bit 
of  rag,  is  speedily  frozen  when  the  rag  is  kept  wetted  with  ether. 

Ice-making  machines  and  refrigerators  are  constructed  on  this 
principle.  Harrison's  apparatus  for  freezing  water  consists  of  a 
multitubular  boiler  containing  about  10  gallons  of  ether  and 
immersed  in  a  trough  of  salt  water.  The  boiler  is  connected  with 
an  exhausting  piuup,  by  the  working  of  which  the  ether  is  rapidly 
volatihsed,  thereby  cooling  the  boiler  and  the  salt  water  siuTOunding 
it  to  about  24°  F.  (-4-45°  C.)  This  cold  water  is  made  to  flow 
through  a  channel  in  which  are  placed  a  niuuber  of  vessels  contain- 
ing the  water  to  be  frozen,  and  when  its  temperature  has  been  thus 
raised  to  about  28°,  it  is  pimiped  back  again  into  the  trough  con- 
taining the  boiler,  and  then  again  cooled  by  the  evaporation  of  the 
ether.  In  this  manner  a  constant  supply  of  cold  salt  water  is  kept  up. 
The  ether  which  is  evaporated  is  condensed  in  a  worm  surrounded 
by  cold  water,  and  returned  with  very  little  loss  to  the  boiler.f 

A  simpler  freezing  apparatus  is 
that  of  Carre,  in  which  cold  is 
produced  by  the  rapid  evaporation 
of  liquefied  ammonia  gas.  It  con- 
sists essentially  of  a  cylindrical 
boiler  a,  fig.  29,  holding  about  two 
gallons,  filled  to  about  three- 
fourths  of  its  capacity  with  a  strong 
aqueous  solution  of  ammonia,  and 
connected  by  pipes  with  a  wrought- 
iron  annular  conden.ser  or  freezer 
c.  The  .boiler  is  first  placed  in  a 
furnace,  and  the  freezer  in  water 
cooled  to  12°  C.  (5.3-6°  F.)  The 
boiler  is  heated  to  130°  C,  where- 
upon ammonia  gas  is  given  ofl', 
and  condenses  in  the  freezer,  to- 
gether with  about  one-tenth  of  its  own  weight  of  water.  This  opera- 
tion Ijeing  completed,  the  boiler  is  removed  from  the  fire  and  im- 
mersed in  cold  water  ;  the  freezer,  wrapped  in  very  dry  flannel,  is 

*  Journal  of  the  Chemical  Society,  1876,  vol.  ii.  p.  162. 
t  A  tir;ure  of  thia  apparatus  is  given  in  the  Pharmaceutical  Journal,  vol. 
xvi..p.  477. 
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placed  outside,  and  the  vessel  containing  the  water  to  be  frozen  is 
placed  in  the  cylindi-ical  space  h.  As  the  boiler  cools,  the  ammonia 
gas  with  which  it  is  filled  is  redissolved,  and  the  pressure  being 
thus  diminished,  the  ammonia  which  has  been  liquefied  in  c  is  again 
volatilised,  and  passes  over  towards  a,  to  redissolve  in  the  water 
which  has  remained  in  the  boiler.  This  rapid  evaporation  of  the 
ammonia  causes  a  great  absorption  of  heat,  whereby  the  vessel  c  is 
reduced  to  a  very  low  temperatm-e,  and  the  water  contained  in  it  is 
frozen.  To  obtain  better  contact  between  the  sides  of  the  vessel  b 
and  the  freezer,  alcohol  is  pom-ed  between  them.  This  apparatus 
gives  about  4  ib  of  ice  in  an  hom-  at  a  price  of  about  a  farthiag  a 
pound ;  but  large  continuously  working  apparatus  have  been  con- 
structed which  produce  as  much  as  800  K)  of  ice  in  an  hour.* 

Water  may  also  be  frozen  by  the  cold  resulting  from  its  own 
evaporation.  When  a  little  water  is  put  into  a  watch-glass,  sup- 
ported by  a  triangle  of  ware  over  a  shallow  glass  dish  of  sulphuric 
acid  placed  on  the  plate  of  a  good  air-pump,  the  whole  covered  -n-ith 
a  low  receiver,  and  the  air  withdrawn  as  perfectly  as  possible, 
the  water  is  in  a  few  minutes  converted  into  a  solid  mass  of  ice. 

The  absence  of  the  air,  and  the  rapid 
absorption  of  watery  vapour  by  the  oil 
of  viti'iol,  induce  such  quick  evapora- 
tion that  the  water  has  its  temperature 
almost  immediately  reduced  to  the 
fi'eezing  point. 

The  same  apparatus  is  constantly 
used  in  the  laboratory  for  di-ying  sub- 
stances which  cannot  bear  heating  without  decomposition.  Fre- 
quently also  the  air-pump  is  dispensed  with,  and  the  substance 
to  be  di'ied  is  simply  placed  over  a  vessel  containing  strong 
sulphuric  acid,  quicklime,  or  some  other  substance  which  absorbs 
moisture  very  rapidly,  ancl  covered  over  with  a  bell  jar.  Such  an 
apparatus,  with  or  without  the  air-pmnp,  is  called  an  Exsiccator. 

All  means  of  producing  artificial  cold  yield,  however,  in  intensity 
to  that  derived  from  the  evaporation  of  the  liquefied  carbon  dioxide 
just  mentioned.  When  a  jet  of  that  liquid  is  allowed  to  issue  into 
the  air  from  a  narrow  aperture,  so  intense  a  degree  of  cold  is  pro- 
duced by  the  vaporisation  of  a  part,  that  the  remainder  .freezes  to 
a  solid,  and  falls  in  a  shower  of  snow.  By  suft'ering  this  jet  of 
liquid  to  flow  into  the  metal  box  shown  in  fig.  28,  a  large  quantity 
of  the  solid  oxide  may  be  obtained  ;  it  closely  resembles  snow  in 
appearance,  and  when  held  in  the  hand  occasions  a  painful  sensar 
tion  of  cold,  while  it  gradually  disappears.  When  it  is  mixed  with 
a  little  ether,  and  poured  upon  a  mass  of  mercury,  the  latter  is 
almost  instantly  fi'ozen,  and  in  this  way  pounds  of  the  solidified 
metal  may  be  obtamed.  The  addition  of  the  ether  facilitates  the 
contact  of  the  carbon  dioxide  with  the  mercury. 


*  See  Richardson  and  Watts's  Chemical  Technology,  part  v.  p.  296, 


HEAT. 


53 


The  temperature  of  a  mixtiu'e  of  solid  carbon  dioxide  and  ether 
in  the  ail-,  nieasared  by  a  spirit -thermometer,  was  found  to  be 
— 106°  F.;  when  the  same  mixture  was  pkiced  beneath  the  receiver 
of  an  au'-pump,  and  exhaustion  rapidly  made,  the  temperature 
sank  to  - 166°  F.  This  was  the  method  of  obtaining  extreme 
cold  employed  by  Faraday  in  his  last  experiments  on  the  lic^ue- 
faction  of  gases.  Under  such  circumstances,  the  liquefied  hy- 
(.liiodic  and  hydrobromic  acids,  siUphur  dioxide,  carbon  dioxide, 
nitrogen  monoxide,  hydrogen  sulphide,  cyanogen,  and  ammonia, 
froze  to  colourless  transparent  solids,  and  alcohol  became  thick 
and  oily. 

Determination  of  the  Specific  Gravity  of  Gases  and  Vapours. 
To  determine  the  specific  gravity  of  a  gas,  a  large  glass  globe  is 
filled  vdth  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry 
state,  having  a  known  temperature,  and  an  elastic  force  equal  to 
that  of  the  atmosphere  at  the  tune  of  the  experiment.  The  globe 
80  filled  is  weighed.  It  is  then  exhausted  at  the  air-pump  as  far 
as  possible,  and  again  weighed.  Lastly,  it  is  filled  with  dry  air, 
the  temperature  and  pressure  of  which  are  known,  and  its  weight 
once  more  determined.  On  the  supposition  that  the  temperature 
and  elasticity  are  the  same  in  both  cases,  the  specific  gra^dty  is 
at  once  obtained  by  dividing  the  weight  of  the  gas  by  that  of  the 
air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a 
brass  cap,  surmounted  by  a  small  but  excellent  stop-cock.  A  deli- 
cate thermometer  shoiild  be  placed  in  the  inside  of  the  globe, 
secured  to  the  cap.  The  gas  must  be  generated  at  the  moment, 
and  conducted  at  once  into  the  previously  exhausted  vessel,  through 
a  long  tube  filled  with  fragments  of  pumice  moistened  with  oil  of 
vitriol,  or  some  other  extremely  hygroscopic  substance,  by  which 
it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
under  some  pressure,  the  elasticity  of  that  contained  in  the  filled 
globe  will  slightly  exceed  the  pressure  of  the  atmosphere ;  _  and 
this  is  an  advantage,  since,  by  opening  the  stop-cock  for  a  single 
instant,  when  the  globe  has  attained  an  equilibrium  of  tempera- 
ture, the  tension  becomes  exactly  that  of  the  air,  so  that  all  baro- 
metrical correction  is  avoided,  unless  the  pressure  of  the  atmosphere 
should  sensildy  vary  during  the  time  occupied  by  the  experiment. 
It  is  hardly  necessary  to  observe  that  the  greatest  care  must  also 
be  taken  to  purify  and  dry  the  air  iised  as  the  standard  of  com- 
parison, and  to  bring  both  gas  and  air  as  nearly  as  possible  to  the 
same  temperature,  so  as  to  obviate  the  necessity  of  a  correction,  or  at 
least  to  reduce  almost  to  nothing  the  errors  involved  by  such  a 
process. 

Vapours.— 1.  Dumas'  Method.  This  method  consists  in  determin- 
ing the  weight  of  a  given  volume  of  the  vapoiu'  at  a  known  ijressure 
and  temperature.   A  large  glass  globe  about  three  inches  in  diameter 
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is  taken,  and  its  neck  softened  and  drawn  ont  in  the  blowq^ipe 
flame,  as  represented  in  fig.  31 ;  this  is  accui-ately  weighed.  About 
100  grains  of  the  volatile  liquid  are  then  intro- 
duced, by  gently  wanning  the  globe  and  dipping 
the  point  into  the  liquid,  which  is  then  forced 
upwards  by  the  pressure  of  the  air  as  the  vessel 
cools.  The  globe  is  next  firmly  attached  by  wire 
to  a  handle,  in  such  a  manner  that  it  may  be 
plunged  into  a  bath  of  boiling  water  or  heated 
oil,  and  steadily  held  with  the  point  projecting 
upwards.  The  bath  must  have  a  temperature  con- 
siderably above  that  of  the  boiling  point  of  the 
liquid.  The  latter  becomes  rapidly  converted  into 
vapour,  which  escapes  by  the  narrow  orifice,  chasing 
iDefore  it  the  air  of  the  globe.  When  the  issue 
of  vapour  has  wholly  ceased,  and  the  temperature 
of  the  bath  appears  nearly  uniform,  the  open 
extremity  of  the  point  is  hermetically  sealed 
by  a  small  blowpipe  flame.  The  globe  is  removed  from  the  bath, 
suffered  to  cool,  cleansed  if  necessary,  and  weighed,  after  which 
the  neck  is  broken  off  beneath  the  surface  of  water  which  has 
been  boiled  and  cooled  out  of  contact  of  air,  or  (better)  under 
mercury.  The  liquid  enters  the  globe,  and,  if  the  expulsion  of 
the  ail-  by  the  vapour  has  been  complete,  fills  it ;  if  other\^-ise,  an 
air-bubble  is  left,  whose  volume  can  be  easily  ascertained  by 
poiiring  the  liquid  from  the  globe  into  a  graduated  jar,  and  then 
refiUing  the  globe,  and  repeating  the  same  observation.  The 
capacity  of  the  vessel  is  thus  at  the  same  time  known ;  and  these 
are  all  the  data  requu'ed.*  An  example  will  render  the  whole 
intelligible. 

Determination  of  the  Vapour-density  of  Acetone. 

Capacity  of  globe,  ....       31-61  cubic  inches. 

Weight  of  globe  filled  vdth  dry  air  at 

52°  F.  and  30-24  inches  barometer,    .  2070-88  grains. 

Weight  of  globe  filled  with  vapour  at 
212°  F.  temp,  of  the  bath  at  the  mo- 
ment of  sealing  the  point,  and  30-24 

inches  barometer,      ....  2076-81  crains. 

Eesidual  air,  at  45°  F.  and  30-24  inches  ° 

barometer,  ....  0-60  cubic  inches. 


31-61  cubic  inches  of  air  at  52°  and  30-24  in.  bar.=  32-36  cub. 
inches  at  60°  F.  and  30  inch  bar.,  weighing       .    10-035  grains. 

*  Messrs  Playfair  and  Wank]yu  liave  described  an  important  modification 
of  this  process,  where! ly  the  densities  of  a  vaponr  at  temperatnres  below 
the  boiling  point  of  the  liquid  may  be  determined.  This  object  is  attained 
by  mixing  the  vapour  of  the  body  with  a  measured  volume  'of  a  permanent 
gas— hydrogen,  lor  instance. — Journ.  of  the  Cham.  Sac.  vol.  xv.  p.  143. 
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Hence,   weiglit  of   empty  globe,   2070-88  -  10-035  =  2060-845 
grains.   

0-6  cnbic  inch  of  air  at  45°=  0-8  cub.  incb  at  212°;  weigbt  of  do.,, 
by  calculation  =  0-191  grain. 

31'61  -  0-8  =  30-81  cubic  inches  of  vapom-  at  212°  and  30-24  uu 
bar.,  which,  on  the  supposition  that  it  ivoulcl  bear  cooling  to  60 
vAtiiout  liquefaction,  would,  at  that  temperature,  and  under  a  pres- 
sure of  30  inch,  bar.,  become  reduced  to  24-18  cubic  inches. 

Hence, 

Weight  of  globe  and  vapour,        .       .       .       2076-810  grains. 
„         residual  air,        ....  0-191 

2076-619  „ 

Weight  of  globe,   2060-845  „ 

Weight  of  the  24-18  cubic  inches  of  vapour,  15-774  „ 
Consequently,  100  cubic  inches  of  such  vapour 

must  weigh   65-23  „ 

100  cubic  inches  of  air,  under  similar  cu'cum- 

stances,  weigh   31-01  „ 

2-103,  the  specific  gravity  of  the  vapoiu-  in  question,  that 
31-01  >         1  J 

of  being  unity. 

Or,  the  weight  of' 100  cubic  inches  of  hydrogen  being  2-147  gi-ams, 

6^"^^  =  30-38  is  the  specific  gra-vdty  of  acetone  vapour  referred  to 
2-14 

hydrogen  as  luiity. 
The  vapour-density  (D)  may  also  be  readily  calculated  by  means 
of  the  formula : 

_      P  +  Yn, 
{Y  -  v)  n\  ' 

P  =  difference  of  weight  (in  grams)  between  the  globe  filled  with 
air  and  when  filled  with  vapour. 

V  =  capacity  of  globe  in  cubic  centimeters. 

n,  =  weight  of  one  cubic  centimeter  of  air  at  the  temperature  at 
which  the  globe  fiUed  with  au-  was  weighed. 

n'l  =  weight  of  one  cubic  centimeter  of  air  at  the  temperatui-e  of 
sealing  the  globe. 

The  values  of  n,  and  n',  (in  grams)  for  each  degree  centigrade  from 
0  to  300°  are  given  in  the  Appendix,  Table  Vll. 

In  very  exact  experiments  account  must  be  taken  of  the  change  of 
capacity  of  the  glass  globe  by  the  high  temperature  of  the  bath. 
When  this  correction  is  neglected,  the  density  of  the  viipoiu-  will 
come  out  a  little  too  high.  The  error  of  the  mercurial  thermometer 
at  high  temperatiires  is,  however,  Lri  the  opposite  direction. 

The  preceding  method  is  applicable  to  the  deteriiiiuation  of  the 
vapour-densities  of  all  siibstances  whose  boiling  points  are  within 


h;eat. 


iM  fi?"  ^''f  r  ^°  ^^'''■^y  '"^  ^^^^t^*^  organic  compounds  ; 
indeed,  tliere  are  but  few  such  compounds  M^hich  can  Lea?  hi-her 
.temperatm;es  without  decomposition.  But  for  niiiieral  substlnces 
such  as  sulphur,  iodine,  yolatile  metaUic  chloric!™  il  S  of^en 

rSatioTft"^"^  ^^-'1!  temperatv^resTtdlr  'Ll  1^ 
a  modihcation  of  the  process  has  been  devised  by  DeviUe  and 

SaZ;  it  irthf      ^^^H^  Slobe  of  porcelain  instead  of 
^eatmg  it  m  the  vapom-  ol  a  substance  whose  boilin<>  point  is 
known  and  constant,  and  sealing  the  globe  by  the  flame  o7  the 
oxy-hydrogen  blowpipe.    The  vapours  Employed  for  this  piSpose 

"oils  "'4t"or"^'  '-f  '  °f  sidXrf  Xh 

at  10li°     T'bf  l^oi^g.at  860°;  and  of  zinc, 'boiling 

,    Vi     ^  ^^^^'^  ^^^^'is  of  constant  boiliila  point 

obviates  the  necessity  of  determining  the  temperatm^e  in  e'ach  e^- 
perunent,  which  at  such  degi-ees  of  heat  woidd  be  very  dSfic^t 

thfvS?m?r''''-^ff"'^-~™'  "'^^^"^^  ^  ascertaining 

lei  ted  X  l.T''^  'i^^'°  "^'^^^^  °^  ^  ^^^^^t'-^i^^e  ^'lien  con^ 
veited  into  vapour  at  a  known  temperatm-e  and  pressure  For 

s  teSrfillT^^^H^V'^/^^V  "^^^  ^^^^^^  --k 
is^eighed,  fi  led  with  the  liqiud,  sealed  and  again  weighed  the 

Scrit°i'tl'  ^fgl^^g^  of  -"^-Be  giving °the  weight  of  the 
Siv  hivei  ^""''''i''''^  a  graduated  glass  jar  fiUed  with 
nieicury,  mverted  m  a  basm  of  mercury,  and  immersed  in  a  bath 
of  water  or  oi^,  and  heat  is  applied  to  th^'  bath  tTthe  bulb  W 

ciuy  m  the  gas-jar  to  a  certain  level.  This  is  read  ofi",  together 
m  h  the  temperature  of  the  bath  and  the  height  of  the  barometer 

7LtT.nlTerI'ti^^^^^        ^^1^"^^       the%apour  at  a  cTifaS 
piessiire  and  temperature.    A  convenient  apparatus  for  the  nnr 

?Z  "iTTfol  t ?i   ''^^^'^  oITIXaI  TJZr 

o7?8inches  on.  ..1  f^^^^  ^""'^  test-U,he,  about  16 

eid  it  ?s  rouS'  T]    °'  ^     '^^r^*""-  ^o^"'  closed 

o+      ,f  aud  care  must  be  taken  that  it  is  thin  enough 

into  mches  or  half  cubic  centimeters,  is  supported"  atfs  loweren 
by  an  iron  cup/,  attached  to  a  rod  g  g  of  the  same  meta     In  the 
engraving  it  is  represented  in  the  let  of  being  lowred  into  its 
place    The  upper  end  of  the  jar  is  kept  steady  ^  the  Si.  1 
which  slides  on  he  rod  g  g.    The  cylinder  is  retained  in  its  verti 
ca  position  by  the  rmg  i  sliding  on  the  massive  retort-standl  l- 
The  rod  J?  g  and  the  thermometer  I  are  supported  by  the  arm 
m,  also  attached  to  the  retort-stand.    The  cylinder  being  char  ™d 
up  to  the  line  n  n  with  mercury,  the  gas-jar  I,  filled  with  memS  v 
and  having  the  g  ass  bulb  containing'tlie  liquid  to  be  ex^^miiied"^- 
serted,  is  placed  m  the  position  seen  in  the  figiu-e.    The  cylinder 
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is  then  to  be  filled  with  water,  or  neat's-foot  oil,  until  the  gas-jar 
is  covered  for  at  least  an  inch.  The  cylinder  may  lie  supported 
on  wii'e-gauze  over  the  tripod  o,  or  in  any  other  convenient  man- 
ner.   Heat  may  he  applied  by  means  of  a  Bmisen's  burner. 

Great  care  must  be  taken,  in  passing  the  bulb  up  into  the  gas-jar, 
to  prevent  fi'acture.  The  most  convenient  way  of  accomplishing 
this,  is  to  place  the  lower  end  of  the  jar  in  a  mercurial  trough, 


7c  O 


/c 


Fig.  32. 
^1 


and  to  incline  it  to  an  angle  of  about  45°.  The  bulb  is  then  to  be  held 
between  the  thumb  and  first  two  fingers,  the  tail  towards  the  palm  of 
the  hand ;  it  is  then  to  be  presented  to  the  opening  of  the  gas-jar, 
and  when  inserted  is  to  be  let  go ;  it  will  then  ascend  to  the  to]i.' 

To  determine  the  elastic  force  of  the  vapour,  the  height  of  the 
column  of  water  or  oil  must  be  noted  and  reduced  by  calculation 
to  the  corresponding  value  in  millimeters  of  mercury.  The  elas- 
tic force  P  of  the  vfipour  is  then  foimd  by  adding  tliis  number  to 
the  height  of  the  barometer,  and  deducting  the  height  of  the  mer- 
cury in  the  gas-jar  above  that  in  the  outer  cylinder. 

By  this  mode  of  proceeding  we  ascertain  the  volume  which  a 
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knowii  weight  W  of  suhstance  occupies  at  a  given  temperature 
and  pressure,  and  it  only  remains  to  determine  the  weight  W  of 
the  same  volume  V  of  air  at  the  same  temperatui-e  T  ancf  pressure 
P.    This  is  given  in  grams  by  the  formula — 


W 


0-0012932  V  . 


1 


The  values  of  the  expression 


1  +  0-00367  T 
1 


760 


^  W 
W 


Of  the 


1  +  0-00367~T  ■^^^^  ^^^^^  calculated 

by  C.  Greville  "Williams  for  all  temperatures  from  1°  to  150°  C.  (See 
Table  VIII.  in  the  Appendix  ;  and  dividing  the  weight  W  of  the 
vapour  by  these  values,  we  obtain,  for  the  density,  the  expression— 

1  +  0-00367  T  760 

0-0012932  V    ■  T~  ■ 

_  If  the  gas-jar  is  graduated  in  cubic  inches  and  the  weights  ai-e 
given  in  grains,  the  expression  becomes — 

J)  1  +  0-00367  T  760 

0-31 V        ■    P  ■ 
two  methods  of  determining  vapour-densities  above 
Fig.  32  a  described,  that  of  Dumas  has  the  advantage 

in  simplicity  of  apparatus  and  facility  of 
execution,  especially  for  high  temperatures  ; 
indeed,  for  temperatures  above  150°  it  is  the 
only  one  that  can  be  employed;  but  it  re- 
quires more  substance,  and  does  not  permit  of 
the  density  being  determined  at  more  than 
one  temperatm-e  without  making  a  separate 
experiment  in  each  case.  The  process  of 
Gay-Lussac,  on  the  other  hand,  permits 
numerous  experiments  with  one  small  speci- 
men of  substance  at  any  desii-ed  temperature 
within  certain  ranges,  and  thus  enables  the 
operator,_  ia  a  very  short  time,  to  accumulate 
information  regarding  certain  physical  pro- 
perties of  substances  which  it  is  often  very 
desii-able  to  know — such,  for  examj^le,  as  the 
lowest  temperature  at  which  the  substance 
under  study  begins  to  obey  the  laws  of  per- 
manent gases. 

3.  Hofmann's  Method. — This  is  a  modifica- 
tion of  Gay-Lussac's  method,  de^^sed  by  Dr 
A.  W.  Hofmann   {Dent.    Cliem.   Ges.  Ber. 

  1868,  p.  198)  for  determining  the  vapour- 

'  densities  of  higli-boiling  liquids  under  re- 

duced pressure,  and  therefore  at  compai-atively  low  temperatures. 
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A  graduated  glass  tube  about  a  meter  long  and  15  to  20  mm. 
■wide,  is  filled  with  mercury  and  inverted  in  the  little  cup  A, 
whereby  a  barometric  vacuum  20  to  30  mm.  high  is  formed  at 
the  top.  The  long  tube  is  enclosed  in  another  tube  30  to  40 
mm.  wide  and  80  to  90  mm.  long,  drawTi  out  at  the  top  to  a 
conducting  tube  of  moderate  width,  which  is  bent  at  right 
angles,  and  connected  with  a  glass  or  copper  vessel  in  which 
water,  aniline,  or  other  liquid  can  be  boiled.  The  lower  part 
of  the  long  tube  is  widened  and  rests  upon  a  large  cork, 
through  which  passes  an  escape-tube  T.  By  this  arrangement, 
a  stream  of  vapour  of  water,  aniline,  or  other  volatile  liquid 
can  be  made  to  pass  through  the  space  between  the  two  tubes,  so 
as  to  keep  the  upper  part  of  the  barometer-tube  at  the  temperature 
required  for  the  determination.  The  substance  whose  vapoiu-density 
is  to  be  determined,  is  introduced  into  the  barometric  vacuum 
in  small  glass  tubes  fitted  with  ground  stoppers,  which  are  forced 
out  by  the  tension  of  the  vapour.  The  great  advantage  of  this 
method  is  that,  imder  the  very  small  pressure  to  which  the  enclosed 
vapour  is  subjected — which  may  be  reduced  to  20  or  even  10 
millimeters  of  mercury — the  determuiations  may  be  made  at  com- 
paratively low  temperatiu'es.  Thus,  in  the  case  of  liquids  boiling 
under  the  ordinary  pressure  at  120°  or  even  150°,  the  vapour-density 
may  be  accurately  determined  at  the  temperature  of  boiling  water. 

Sources  of  Heat. 

The  first  and  greatest  source  of  heat,  compared  with  which  all 
others  are  totally  insignificant,  is  the  sun.  The  luminous  rays  are 
accompanied  by  heat-rays,  which,  striking  against  the  surface  of 
the  earth,  raise  its  temperatm-e  ;  this  heat  is  communicated  to 
the  air  by  convection,  as  already  described,  air  and  gases  in  general 
not  being  sensibly  heated  by  the  passage  of  the  rays. 

A  second  source  of  heat  is  supposed  to  exist  in  the  interior  of 
the  earth.  It  has  been  observed  that,  in  sinking  mine-shafts, 
boring  for  water,  &c.,  the  temperature  rises,  in  descendhig,  at  the 
rate,  it  is  said,  of  about  1°  F.  (|°  C.)  for  every  45  feet,  or  117°  F. 
(65°  C.)  per  mile.  On  the  supposition  that  the  rise  continues  at 
the  same  rate,  the  earth,  at  the  depth  of  less  than  two  mdes,  would 
have  the  temperature  of  boiling  water  ;  at  nine  miles,  it  would  be 
red-hot ;  and  at  thirty  or  forty  miles  depth,  all  known  substances 
would  be  in  a  state  of  fusion.* 

According  to  this  idea,  the  earth  must  be  looked  upon  as  an 
intensely  heated  fluid  spheroid,  covered  with  a  crust  of  solid 
badly  conducting  matter,  cooled  by  radiation  into  space,  and  bear- 
ing somewhat  the  same  proportion  in  thickness  to  the  ignited 

*  The  Artesian  well  at  Grenelle,  near  Paris,  lias  a  depth  of  1774'5  Eng- 
lish feet ;  it  is  bored  through  tlie  chalk  basin  to  the  sand  beneath.  The 
temperature  of  the  water,  which  is  exceedingly  abundtnit,  is  82'  P.;  the 
mean  temperature  of  Paris  is  51°  F.;  the  diliorenco  is  31°!''.,  which  gives 
a  rate  of  about  1°  for  58  feet. 
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liquid  within,  that  the  shell  of  an  egg  hears  to  its  fluid  contents. 
Without  venturing  to  offer  any  opinion  on  this  theory,  it  may  be 
sufficient  to  observe  that  it  is  not  positively  at  variaace  mth  any 
known  fact ;  that  the  figure  of  the  earth  is  really  such  as  would 
be  assumed  by  a  fluid  mass  ;  and,  lastly,  that  it  oflers  the  best 
explanation  we  have  of  the  phenomena  of  hot  springs  and  volcanic 
eruptions,  and  agrees  with  the  chemical  natui-e  of  their  products. 

Among  the  other  sources  of  heat  are  chemical  combination  and 
mechanical  work. 

The  disengagement  of  heat  in  the  act  of  combination  is  a 
phenomena  of  the  utmost  generality.  The  cjuantity  of  heat  given 
out  in  each  particular  case  is  fixed  and  definite;  its  intensity  is 
dependent  upon  the  time  over  which  the  action  is  extended.  Many 
admirable  researches  on  this  subject  have  been  published ;  but  their 
results  will  be  more  advantageously  considered  at  a  later  part  of  this 
work,  in  connection  with  the  laws  of  chemical  combination. 

Heat  produced  hj  Mechanical  Work. — Heat  and  motion  are  con- 
vertible one  into  the  other.  The  powerful  mechanical  effects  pro- 
duced by  the  elasticity  of  the  vapour  evolved  from  heated  liquids 
afford  abundant  illustration  of  the  conversion  of  heat  into  motion ; 
and  the  production  of  heat  by  friction,  by  the  hammering  of 
metals,  and  in  the  condensation  of  gases  (p.  34),  shows  with  equal 
clearness  that  motion  may  be  converted  into  heat. 

In  some  cases  the  rise  of  temperatui-e  thus  produced  appears  to 
be  due  to  a  diminution  of  heat-capacity  in  the  body  operated  upon, 
as  in  the  case  of  a  compressed  gas  just  alluded  to.  Malleable 
metals,  also,  as  iron  and  copper,  which  become  heated  by  hanmier- 
ing  or  powerful  pressure,  are  found  thereby  to  have  their  density 
sensibly  increased,  and  their  capacity  for  heat  diminished.  A  soft 
iron  nail  may  be  made  red  hot  by  a  few  dexterous  blows  on  an 
anvil ;  but  the  experiment  cannot  be  repeated  until  the  metal  has 
been  annealed,  and  in  that  manner  restored  to  its  former  physical  state. 

But  the  amoimt  of  heat  which  can  be  developed  by  mechanical 
force  is,  iu  most  cases,  out  of  all  proportion  to  what  can  be 
accounted  for  in  this  way.  Sir  H.  Davy  melted  two  pieces  of  ice 
by  rubbing  them  together  in  a  vacuum  at  the  temperature  of  0°; 
and  Count  Kumford  found  that  the  heat  developed  by  the  boring 
of  a  brass  cannon  was  sufficient  to  bring  to  the  boiling  point  two 
and  a  haK  gallons  of  water,  while  the  dust  or  shavings  of  metal 
cut  by  the  borer  weighed  only  a  few  ounces.  In  these  and  all 
similar  cases  the  heat  appears  as  a  direct  result  of  the  force 
expended ;  the  motion  is  converted  into  heat. 

The  connection  between  heat  and  mechanical  force  appears  still 
more  intimate  when  it  is  shouoi  that  they  are  related  by  an  exact 
numerical  law,  a  given  quantity  of  the  one  being  always  con- 
vertible into  a  definite  amount  of  the  other.  The  first  approxi- 
mate determination  of  this  most  important  numerical  relation  was 
made  by  Count  Rumlbrd  in  the  mamier  just  alluded  to.    A  brass 
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cylinder  enclosed  in  a  box  containing  a  known  weight  of  water  at 
60°  F.  was  bored  by  a  steel  borer  made  to  revolve  by  horse  power, 
and  the  time  was  noted  which  elapsed  before  the  water  was  raised 
to  the  boiling  point  by  the  heat  resulting  fi-om  the  friction.  In 
this  manner  it  was  found  that  the  heat  required  to  raise  the  tem- 
peratm-e  of  a  pound  of  water  by  1°  F.  is  equivalent  to  1034  times  the 
force  expended  m  raising  a  pound  weight  one  foot  high,  or  to  1034 
"  foot-pounds,"  as  it  is  technically  expressed.  This  estimate  is  now 
kno^vn  to  be  too  high,  no  account  having  been  taken  of  the  heat 
communicated  to  the  containing  vessel,  or  of  that  which  was  lost 
by  dispersion  diu-iag  the  experiment. 

For  the  most  exact  determinations  of  the  mechanical  equivalent 
of  heat  we  are  indebted  to  the  careful  and  elaborate  researches  of 
Dr  J.  P.  Joule.  From  experiments  made  in  the  years  1840-43  oa 
the  relations  between  the  heat  and  mechanical  power  generated  by 
the  electric  current,  Dr  Joule  was  led  to  conclude  that  the  heat  re- 
quired to  raise  the  temperature  of  a  poimd  of  water  1°  F.  is  equiva- 
lent to  838  foot-pounds.  This  he  afterwards  reduced  to  772 ;  and  a 
nearly  equal  result  was  afterwards  obtained  by  expei-iments  on 
the  condensation  and  rarefaction  of  gases;  but  this  estimate  has 
since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results  are  obtained  by  measuring  the 
quantity  of  heat  generated  by  the  friction  between  solids  and 
liquids.  It  was  for  a  long  time  believed  that  no  heat  was  evolved 
by  the  friction  of  liquids  and  gases ;  but  in  1842  Meyer  showed 
that  the  temperature  of  water  may  be  raised  22°  or  23°  F.  by 
agitating  it.  The  warmth  of  the  sea  after  a  few  days  of  stormy 
weather  is  also  probably  an  efiPect  of  fluid  friction. 

The  apparatus  employed  by  Dr  Joule  for  the  determination  of 
this  important  constant,  by  means  of  the  friction  of  water,  consisted 
of  a  brass  paddle-wheel  furnished 


Fig.  33. 


Fig.  34. 
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with  eight  sets  of  revolving  vanes, 
working  between  four  sets  of 
stationary  vanes.  This  revolv- 
ing apparatus,  of  which  fig.  33 
shows  a  horizontal,  and  fig.  34  a 
vertical  section,  was  firmly  fitted 
into  a  copper  vessel  (see  fig.  35) 
contaiiing  water,  in  the  lid  of 
which  were  two  necks,  one  for 
the  axis  to  revolve  in  without 
touching,  the  other  for  the  inser- 
tion of  a  thermometer.  A  simi- 
lar apparatus,  but  made  6f  iron, 
and  of  smaller  size,  having  six 
rotatory  and  eight  sets  of  stationary  vanes,  was  used  for  the  experi- 
ments on  the  friction  of  mercury.  '  The  apparatus  for  the  friction  of 
cast-iron  consisted  of  a  vertical  axis  cariying  a  bevelled  cast-iron 
wheel,  against  which  a  bevelled  wheel  was  pressed  by  a  lever.  The 
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wheels  were  enclosed  in  a  cast-iron  vessel  filled  with  mercury,  the 
axis  passing  through  the  lid.  In  each  apparatus  motion  was  given 
to  the  axis  by  the  descent  of  leaden  weights  W  (fig.  35)  suspended 
by  strings  from  the  axis  of  two  wooden  puUeys,  one  of  which  is 


shown  at  %  their  axes  heing  supported  on  friction  wheels  d  cl,  and 
the  pulleys  being  connected  by  fine  twine  with  a  wooden  roller  r, 
which,  by  means  of  a  pin,  could  be  easily  attached  to  or  removed 
from  the  friction  apf)aratus. 

The  mode  of  experimenting  was  as  follows: — Th^  temperature 
of  the  frictional  apparatus  having  been  ascertained,  and  the  weights 
wound  up,  the  roller  was  fixed  to  the  axis,  and  the  precise  height 
of  the  weights  ascertained ;  the  roller  was  then  set  at  liberty,  and 
allowed  to  revolve  till  the  weights  touched  the  floor.  The  roller 
was  then  detached,  the  weights  woimd  up  agaia,  and  the  friction 
renewed.  This  having  been  repeated  twenty  times,  the  experi- 
ment was  concluded  with  another  observation  of  the  temperatm-e 
of  the  apparatus.  The  mean  temperature  of  the  apartment  was 
ascertained  by  observations  made  at  the  beguming,  middle,  and 
end  of  each  experiment.  Corrections  were  made  for  the  efl'ects  of 
radiation  and  conduction;  and,  in  the  experiments  ^vifch  water,  for 
the  quantities  of  heat  absorbed  by  the  copper  vessel  and  the 
paddle-wheel.  In  the  experiments  with  mercmy  and  cast-iron, 
the  heat-capacity  of  the  entire  apparatus  was  ascerta^ied  by 
observing  the  heating  efi'ect  which  it  produced"on  a  known  quantity 
of  water  in  which  it  was  immersed.  In  all  the  experiments, 
corrections  were  also  made  for  the  velocity  with  which  the  weights 
came  to  the  ground,  and  for  the  friction  and  rigidity  of  the  strings. 
The  thermometers  used  were  capable  of  indicating  a  variation  of 
temperature  as  small  as       of  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained 
by  this  method.  The  second  column  gives  the  results  as  they  were 
obtained  in  air  ;  in  the  thii-d  column  the  same  results  corrected  for 
a  vacuum : — 
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Material 
employed. 

"Water, 
Mercury,  . 

Cast-iron,  . 

In  the  experiments  witli  cast-iron,  the  friction  of  the  wheels  pro- 
duced a  considerable  vibration  of  the  framework  of  the  apparatus, 
and  a  loud  sound ;  it  was  therefore  necessary  to  make  allowance 
for  the  quantity  of  force  expended  in  producing  these  effects.  The 
number  772-692,  obtained  by  the  friction  of  water,  is  regarded  as 
the  most  trustworthy;  but  even  this  may  be  a  little  too  high; 
because  even  in  the  friction  of  fluids  it  is  impossible  entirely  to 
avoid  vibration  and  sound.  The  conclusions  deduced  from  these 
experiments  are — 

1.  Tliat  the  quantity  of  heat  produced  by  the  friction  of  bodies, 
whether  solid  or  liquid,  is  cdioays  proportional  to  the  force  expended. 

2.  That  the  quantity  of  heat  capable  of  increasing  the  temperature 
of  1  lb.  of  water  {iveighed  in  vacuo,  and  betiveen  55°  and  60°)  by  1°  F., 
requires  for  its  evolution  the  expenditure  of  a  mechanical  force  repre- 
sented, by  the  fall  of  112  lbs.  through  the  space  of  1  foot. 

Or,  the  heat  capable  of  increasing  the  temperature  of  1  gram  of 
water  by  1°  C,  is  equivalent  to  a  force  represented  by  the  fall  o/423'65 
grams  through  the  space  of  1  meter.  This  is  consequently  the  effect 
of  "  a  unit  of  heat." 

Experiments  made  by  other  philosophers  on  the  work  done  by 
a  steam-engine,  on  the  heat  evolved  by  an  electro-magnetic  engine 
at  rest  and  in  motion,  and  on  the  heat  evolved  in  the  circuit  of  a 
voltaic  battery  and  in  a  metallic  wire  tlirough  which  an  electric 
current  is  passing,  have  given  values  for  the  mechanical  equivalent 
of  heat  very  nearly  equal  to  the  above. 

Dynamical  Theory  of  Heat. 

For  a  very  long  time  two  rival  theories  have  been  held  regard- 
ing the  nature  of  heat :  on  the  one  hand,  heat  has  been  viewed  as 
having  a  material  existence,  though  differing  from  ordinary  matter 
in  being  without  weight,  and  in  other  respects;  on  the  other 
hand,  it  has  been  regarded  as  a  state  or  condition  of  ordinary  mat- 
ter, and  generally  as  a  condition  of  motion.  From  the  latter  part 
of  the  last  centmy,  imtil  the  modern  researches  upon  the  mechani- 
cal equivalent,  the  former  view  had  by  far  the  greater  number  of 
adherents.  Its  popularity  may  be  chiefly  traced  to  the  teaching 
of  Black  and  Lavoisier.  By  the  former  of  these  pbilosopliers,  the 
various  capacities  for  heat,  or  specific  heats,  of  different  bodies, 
seem  to  have  been  regarded  as  analogous  to  the  various  propor- 
tion.s  of  the  same  acid,  required  to  neutralise  equal  quantities  of 
dift'erent  bases,  while  the  solid,  liquid,  and  gaseous  states  weie  ex- 


Equivalent 
in  air. 

773-640 
5  773-762 
;  776-303 

776-997 
;  774-880 


Equivalent 
in  vacuum. 

772-692 
772-814  ) 

775-  352  ( 

776-  045  I 
774-930 


Mean. 
772-692 
774-083 

774-987 
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plained  "by  Black  as  representing  so  many  distinct  proportioni^ 
in  which  heat  was  capable  of  combining  with  ordinary  matter. 
Very  similar  views  were  advocated  by  Lavoisier :  he  regarded  all 
gases  as  compounds  of  a  base  characteristic  of  each,  with  caloric, 
and  supposed  that  when,  as  the  result  of  chemical  action,  they 
assumed  the  liquid  or  solid  state,  this  caloric  was  set  free,  and  ap- 
peared as  sensible  heat. 

Heat  was  compared  by  these  philosophers  to  a  material  sub- 
stance, in  order  to  explain  its  then  Imown  quantitative  relations ; 
and  from  this  point  of  view  the  conception  inti-oduced  by  them 
had  the  great  advantage  of  being  more  easily  grasped  than  any 
which  the  advocates  of  the  immaterial  nature  of  heat  had  to  offer 
in  its  place.  It  was  much  easier  to  conceive  of  definite  quantities 
of  an  exceedingly  subtile  substance  or  fluid,  than  of  definite  quan- 
tities of  motion,  which  was  itself  imdefined  as  to  its  nature.  It 
was  a  dii-ect  consequence  of  the  material  view,  that  heat  should  be 
considered  as  indestructible  and  as  incapable  of  being  produced, 
and  therefore  that  the  total  quantity  of  heat  in  the  universe  should 
be  regarded  as  at  all  times  the  same. 

But,  on  the  other  hand,  this  hypothesis  did  not  afford  a  satis- 
factory explanation  of  the  production  of  heat  by  mechanical  means. 
Here  it  was  not  easy  to  deny  the  actual  generation  of  heat,  or  to 
explain  the  effects  as  depending  merely  on  its  altered  distribution. 
Nevertheless,  the  evolution  of  heat  by  friction  and  percussion  was 
generally  considered,  by  the  advocates  of  the  material  view,  as  in 
some  way  resulting  from  a  diminution  in  the  capacities  for  heat  of 
the  bodies  operated  upon ;  and  this  explanation  derived  considerable 
support  from  the  remai-k,  made  by  Black,  that  a  piece  of  soft  iron, 
which  has  been  once  made  red  hot  by  hammering  (see  p.  60),  caimot 
be  so  heated  a  second  time  until  it  has  been  heated  to  redness  in  a 
fire  and  allowed  to  cool.  In  tliis  case,  certainly,  it  seemed  as  though 
the  hammering  forced  out  heat  from  the  mass  of  ii-on,  like  water  from 
a  sponge,  and  that  a  fresh  supply  was  taken  up  when  the  iron  was 
put  ui  the  fire.  This  explanation,  however,  did  not  satisfy  Eumford, 
who,  m  the  investigation  described  above,  made  dii-ect  experiments 
upon  the  specific  heat  of  the  chips  of  metal  detached  by  the  friction, 
and  found  it  to  be  identical  with  that  of  brass  under  ordinary 
circumstances.  Still  more  decisive  proof  that  the  heat  generated 
by  friction  cannot  be  ascribed  to  a  diminution  of  specific  heat  in  the 
substances  operated  on  was  afforded  by  Davy's  experiment  on  the 
liquefaction  of  ice  by  friction ;  for  in  this  case  the  ice  was  con- 
verted into  a  liquid  having  twdce  the  specific  heat  of  the  ice  itself. 
Hence  Davy*  di-ew  the  conclusion  that,  "the  immediate  cause  of 
the  phenomena  of  heat  is  motion,  and  the  laws  of  its  connmmication 
are  precisely  the  same  as  the  laws  of  the  commmiication  of  motion." 

The  mechanical,  or  dynamical  theory,  which  regarded  heat  as 
consisting  in  a  state  of  molecular  motion,  cannot,  however,  be  said 

*  Elements  of  Cliemical  Philosophy,  1812,  pp.  94,  95. 
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to  have  been  detinitely  established,  until  it  also  was  made  quantita- 
tive,— until  it  was  shown  that  exact  numerical  laws  regulate  the 
production  of  heat  by  work  or  of  work  by  heat,  equally  with  its 
production  diuing  solidification  and  disappearance  during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  theory  of  heat, 
we  give  an  outline  of  the  view  of  the  constitution  of  gases,  first 
put  forwai'd,  in  its  present  form,  by  Joule;*  and  subsequently 
developed  by  Kronig,t  and  Clausius,  %  and  of  the  explanation  of 
the  relations  existing  between  solids,  liquids,  and  gases,  which  has 
been  deduced  fi-om  it  by  the  last-named  philosopher. 

Fii-st,  then,  it  is  assiuned  that  the  particles  of  all  bodies  are  in 
constant  motion,  and  that  this  motion  constitutes  heat,  the  kind 
and  quantity  of  motion  varying  according  to  the  state  of  the  body, 
whether  solid,  liquid,  or  gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggregate  of 
atoms — are  supposed  to  be  constantly  moving  forward  in  straight 
lines,  and  with  a  constant  velocity,  till  they  impinge  against  each 
other,  or  against  an  impenetrable  wall.  This  constant  impact  of 
the  molecules  produces  the  expansive  tendency  or  elasticity  which 
is  the  peculiar  characteristic  of  the  gaseous  state.  _  The  rectilinear 
movement  is  not,  however,  the  only  one  with  which  the  particles 
are  afiected.  For  the  impact  of  two  molecules,  unless  it  takes 
place  exactly  in  the  line  joining  their  centres  of  gravity,  must  give 
rise  to  a  rotatory  motion;  and,  moreover,  the  ultimate  atoms  of 
which  the  molecules  are  composed  may  be  supposed  to  vibrate 
within  certain  limits,  being,  in  fact,  thi-own  into  vibration  by  the 
impact  of  the  molecules.  This  vibratory  motion  is  called  by 
Clausius,  the  motion  of  the  constituent  atoms.  The  total  quantity 
of  heat  in  the  gas  is  made  up  of  the  progressive  motion  of  the 
molecules,  together  with  the  vibratory  and  other  motions  of  the 
constituent  atoms  ;  but  the  progressive  motion  alone,  which  is  the 
cause  of  the  expansive  tendency,  determines  the  temperature.  Now, 
the  outward  pressure  exerted  by  the  gas  against  the  containing 
envelope  arises,  according  to  the  hypothesis  under  consideration, 
from  the  impact  of  a  great  number  of  gaseous  molecules  against 
the  sides  of  the  vessel.  But  at  any  given  temperature,  that  is, 
with  any  given  velocity,  the  number  of  such  impacts  taking  place 
in  a  given  time  must  vary  inversely  as  the  vohmie  of  the  given 
quantity  of  gas  :  hence  the  jmsstire  varies  inversely  as  the  volume,  or 
directly  as  the  density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting 
from  the  impact  of  the  molecules  is  proportional  to  the  sum  of  the 
masses  of  all  the  molecules  multiplied  into  the  squares  of  their 
velocities  ;  in  other  words,  to  the  so-called  vis  viva  or  luorlcimj  force  ^ 
of  the  progresssive  motion.  If,  for  example,  the  velocity  be  doubled, 
each  molecule  will  strike  the  sides  of  the  vessel  with  a  twofold 


*  Ann.  Ch.  Phys.  [,3]  L  381.       +  Pogg.  Ann.  xcix.  315.      X  IWd.  353. 
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force  and  its  niimber  of  impacts  in  a  given  time  AdU  also  he 
doubled  :  hence  the  total  pressure  will  be  quadruijled 

Now,  we  know  that  when  a  given  quantity  of  any  perfect  gas  is. 
mamtamed  at  a  constant  volume,  it  tends  to  expand  bv  ^  of  its 
bulk  at  zero  ior  each  degree  centigi-ade.  Hence  the  prSsure  or 
elastic  force  increases  proportionally  to  the  temperature  reckoned 
lrom^  273  C.;  that  is  to  say,  to  the  absolute  temperature.  Con- 
sequently, the  absolute  temperature  is  proportional  to  the  workinq  force 
oj  the  pirogressive  motion. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  ^as 
depend  on  the  manner  in  which  its  atoms  are  united,  it  follows 
that  m  any  given  gas  the  different  motions  must  be  to  one  another 
in  a  constant  ratio  ;  and,  therefore,  the  vis  viva  or  workinq  force  of 
the  progressive  motion  must  be  an  aliquot  part  of  the  entu4  work- 
ing force  of  the  gas :  hence  also  the  absolute  temperature  is  pro- 
portional to  the  total  working  force  arising  from  aU  the  motions 
of  the  particles  of  the  gas. 

From  this  it  follows  that  the  quantity  of  heat  which  must  be 
added  to  a  gas  of  constant  volume  in  order  to  raise  its  temperature 
by  a  given  amoimt,  is  constant  and  independent  of  the  tempera- 
ture. In  other  words,  the  specific  heat  of  a  gas  referred  to  a  ^iven 
volume  is  constant,  a  result  which  agrees  with  the  experiments  of 
Regnault,  mentioned  at  p.  34.  This  result  may  be  otherwise 
expressed,  as  foUows  r-TAe  total  or  working /ore/ 0/  the  gas  is  to 
the  working  force  of  the  progressive  motion  of  the  molecules,  which  is 
me  measure  of  the  temperature,  in  a  constant  ratio.  This  ratio  is 
dillerent  lor  different  gases,  and  is  gi-eater  as  the  gas  is  more  com- 
plex m  Its  constitution  ;  in  other  words,  as  its  molecules  are  made 
up  of  a  greater  number  of  atoms.  The  specific  heat  referred  to  a 
constant  pressure  is  known  to  differ  from  the  true  specific  heat 
only  by  a  constant  quantity. 

The  relations  just  considered  between  the  pressure,  volume,  and 
temperature  of  gases,  presuppose,  however,  certain  conditions  of 
molecular  constitution,  which  are,  perhaps,  never  rigidly  fulfilled  : 
and,  accordingly,  the  experiments  of  Magnus  and  Regnault  show 
SLi^  1  '  '  gases  do  exliibit  slight  deviations  from  Gav-Lussac 
and  Boyle  s  laws.  What  the  conditions  are  which  strict  adherence 
to  these  laws  would  requii-e,  will  be  better  understood  by  con- 
sidering the  differences  of  molecular  constitution  wliich  must  exist 
m  the  solid,  liqmd,  and  gaseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three 
states,  in  the  solid  state,  the  motion  is  such  that  the  molecules 
oscillate  about  certain  positions  of  equilibrium,  M'hich  they  do  not 
qmt,  unless  they  are  acted  upon  by  external  forces.  This  vibra- 
tory motion  may,  however,  be  of  a  very  complicated  character 
Ihe  constituent  atoms  of  a  molecule  may  vibrate  separately  the 
entire  molecules  may  also  vibrate  as  such  about  then-  centres 
ot  gravity,  and  the  vibrations  may  be  either  rectilinear  or 
rotatory    Moreover,  when  extraneous  forces  act  upon  the  body 
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as  in  shocks,  the  molecules  may  permanently  alter  theu.'  relative 
positions. 

In  the  liquid  state,  the  molecules  have  no  determinate  positions 
of  equilibrium.  They  may  rotate  completely  about  their  centres 
of  gra^dty,  and  may  also  ,move  forward  into  other  positions.  But 
the  repulsive  action  arising  from  the  motion  is  not  strong  enough 
to  overcome  the  mutual  attraction  of  the  molecules,  and  separate 
them  completely  from  each  other.  A  molecule  is  not  permanently 
associated  with  its  neighbours,  as  in  the  solid  state;  it  does  not 
leave  them  spontaneously,  but  only  under  the  influence  of  forces 
exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in 
the  liquid  state,  a  vibratory,  rotatory,  and  progressive  movement 
of  the  molecules,  but  so  regulated  that  they  are  not  thereby  forced 
asimder,  but  remain  within  a  certain  volume  vtdthout  exerting  any 
outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are 
removed  quite  beyond  the  sphere  of  their  mutual  attractions,  and 
travel  onward  in  straight  lines  according  to  the  ordinary  laws  of 
motion.  Wlien  two  such  molecules  meet,  they  fly  apart  from  each 
other,  for  the  most  part  with  a  velocity  equal  to  that  with  which 
they  came  together.  The  perfection  of  the  gaseous  state,  however, 
implies:— 1.  That  the  space  actually  occupied  by  the  molecules  of 
the  gas  be  infinitely  small  in  comparison  with  the  entire  volume 
of  the  gas  ;  2.  That  the  time  occupied  in  the  impact  of  a  molecule, 
either  against  another  molecule  or  against  the  sides  of  the  vessel, 
be  infinitely  small  in  comparison  with  the  interval  between  any 
two  impacts;  3.  That  the  influence  of  the  molecular  forces  be 
infinitely  small.  When  these  conditions  are  not  completely  ful- 
filled, the  gas  partakes  more  or  less  of  the  nature  of  a  Uquid,  and 
exhibits  certain  deviations  from  Gay-Lussac  and  Boyle's  laws.  Such 
is,  indeed,  the  case  with  all  known  gases ;  to  a  very  slight  extent 
with  those  which  have  not  yet  been  reduced  to  the  liquid  state ; 
but  to  a  greater  extent  with  vapours  and  condensable  gases,  especially 
near  the  points  of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It 
has  been  said  that  the  molecule  of  a  liquid,  when  it  leaves  those 
with  which  it  is  associated,  ultimately  takes  up  a  similar  position 
with  regard  to  other  molecules.  This,  however,  does  not  preclude 
the  existence  of  considerable  irregularities  in  the  actual  move- 
ments. Now,  at  the  surface  of  the  liquid,  it  may  happen  that 
a  particle,  by  a  peculiar  combination  of  the  rectilinear,  rotatory, 
and  viljratory  movements,  may  be  projected  from  the  neighbouring 
molecules  with  such  force  as  to  throw  it  completely  out  of  their 
sphere  of  action,  before  its  projectile  velocity  can  be  annihilated 
by  the  attractive  force  which  they  exert  upon  it.  The  molecule  will 
then  be  driven  forward  into  the  space  above  the  liquid,  as  if  at 
belonged  to  a  gas,  and  that  space,  if  originally  empty,  will,  in 
consequence  of  the  action  just  described,  become  more  and  more 
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tilled  with  these  projected  molecules,  which  will  comport  themselves 
withm  it  exactly  like  a  gas,  iuipinging  and  exerting  pressure  upon 
tiie  sides  of  the  envelope.  One  of  these  sides,  however,  is  formed 
by  the  surface  of  the  liquid,  and  when  a  molecule  impinges  upon 
this  surface,  it  will,  in  general,  not  be  driven  back,  but  retained 
by  the  attractive  forces  of  the  other  molecules.  A  state  of 
ecjuihbrium,  not  static,  but  dynamic,  wiU  therefore  be  attained 
when  the  number  of  molecules  projected  in  a  given  time  into  the 
space  above  is  equal  to  the  number  which  in  the  same  time 
impmge  upon  and  are  retained  by  the  surface  of  the  liquid.  This 
IS  the  process  of  vaporisation.  The  density  of  the  vapour  required 
to  ensm-e  the  compensation  just  mentioned,  depends  upon  the  rate  at 
which  the  particles  are  projected  from  the  surface  of  the  Liquid,  and 
this  agam  upon  the  rapidity  of  theii-  movement  within  the  liquid 
that  IS  to  say,  upon  the  temperature.  It  is  clear,  therefore,  that  the 
density  oi  a  saturated  vapour  must  increase  with  the  temperature 

If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the 
molecules^of  this  gas  will  impinge  upon  the  smface  of  the  liquid, 
and  thereby  exert  pressure  upon  it ;  but  as  these  gas-molecules  occupv 
but  an  extremely  small  proportion  of  the  space  above  the  liquid, 
the  particles  of  the  liquid  will  be  projected  into  that  space  almost 
as  if  It  were  empty.  In  the  midcUe  of  the  Hquid,  however,  the 
external  pressure  of  the  gas  acts  in  a  different  manner.  There  also 
It  may  happen  that  the  molecules  may  be  sepai-ated  with  such  force 
as  to  produce  a  smaU  vacuum  in  the  midst  of  the  liquid.  But 
this  space  is  sui-roimded  on  all  sides  by  masses  which  afford  no  passage 
to  the  disturbed  molecules ;  and  in  order  that  they  may  increase  to 
a  permanent  vapour-bubble,  the  number  of  molecules  projected  from 
the  inner  surface  of  the  vessel  must  be  such  as  to  produce  a  pressure 
outwards  equal  to  the  external  pressure  tending  to  compress  the 
vapour-bubble.  The  boiling  of  the  liquid  wiU,  therefore,  be  higher 
as  the  external  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporisation,  it  is  pos- 
sible that  vapour  may  rise  from  a  solid  as  weU  as  from  a  liquid  • 
but  It  by  no  means  neeessarUy  follows  that  vapour  must  be  formed 
from  ail  bodies  at  all  temperatm-es.  The  force  which  holds  together 
the  molecules  oi  a  body  may  be  too  great  to  be  overcome  by  any 
combination  of  molecular  movements,  so  long  as  the  temperature 
does  not  exceed  a  certain  limit. 

The  production  and  consumption  of  heat  which  accompany  changes 
m  the  state  of  aggregation,  or  of  the  volume  of  bodies,  are  easTlv 
explained,  according  to  the  preceding  principles,  by  taking  accomit 
oi  the  work  done  by  the  acting  forces.  This  work  is  partly  external 
to  the  body,  partly  internal.    To  consider  first  the  internal  work : 

When  the  molecules  of  a  body  change  their  relative  positions 
the  change  may  take  place  either  in  accordance  with  or  in  opposi- 
tion to  the  action  of  the  molecular  forces  existmg  within  the  body. 
In  the  former  case,  the  molecules,  dm-ing  the  passage  from  one  state 
to  the  other,  have  a  certain  velocity  imparted  to  them,  which  is 
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inuiiediately  converted  into  heat;  in  the  latter  case,  the  velocity 
of  their  movement,  and  consequently  the  temperature  of  the  body,  is 
diminished.  In  the  passage  from  the  solid  to  the  liquid  state,  the 
moleciiles,  although  not  removed  from  the  spheres  of  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition 
to  the  molecular  forces,  which  forces  have,  therefore,  to  be  overcome. 
In  evaporation,  a  certain  number  of  the  molecules  are  completely 
separated  from  the  remainder,  which  again  implies  the  overcoming 
of  opposing  forces.  In  both  cases,  therefore,  work  is  done,  and  a 
certain  portion  of  the  working  force  of  the  molecules,  that  is,  of  the 
heat  of  the  body,  is  lost.  But  when  once  the  perfect  gaseous  state  is 
attained,  the  molecular  forces  are  completely  overcome,  and  any 
further  expansion  may  take  place  without  internal  work,  and,  there- 
ibre,  without  loss  of  heat,  provided  there  is  no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a 
certain  amount  of  external  resistance  to  be  overcome,  and  a  corre- 
sponding loss  of  heat.  When  the  pressure  of  a  gas,  that  is  to  say, 
the  impact  of  its  atoms,  is  exerted  against  a  movable  obstacle, 
such  as  a  piston,  the  molecules  lose  just  as  much  of  their  moving 
power  as  they  have  imparted  to  the  piston,  and,  consequently, 
their  velocity  is  diminished  and  the  temperatm-e  lowered.  On  the 
contrary,  when  a  gas  is  compressed  by  the  motion  of  a  piston,  its 
molecules  are  driven  back  with  greater  velocity  than  that  with 
which  they  impinged  on  the  piston,  and,  consequently,  the  tempera- 
ture of  the  gas  is  raised. 

When  a  liquid  is  converted  into  vapour,  the  molecules  have  to 
overcome  the  atmospheric  pressure  or  other  external  resistance, 
and,  in  consequence  of  this,  together  with  the  internal  work  already 
spoken  of,  a  large  quantity  of  heat  disappears,  or  is  rendered  latent, 
the  quantity  thus  consumed  being,  to  a  considerable  extent,  affected 
by  the  external  pressure.  The  liquefaction  of  a  solid  not  being 
attended  with  much  increase  of  volume,  involves  but  little  external 
work  ;  nevertheless  the  atmospheric  pressure  does  influence,  to  a 
slight  amount,  both  the  latent  heat  of  fusion  and  the  melting  point. 
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Two  views  have  been  entertained  respecting  the  nature  of  light. 
Newton  imagined  that  luminons  bodies  emit,  or  shoot  out  in- 
finitely smaU  particles  in  straight  Knes,  which,  by  penetrating  the 
transparent  parts  of  the  eye  and  falling  upon  the  nervous  tissue, 
produce  vision.  Other  philosphers  drew  a  parallel  between  the  pro- 
perties of  light  and  those  of  sound,  and  considered  that,  as  sound 
IS  certainly  the  eflfect  of  undulations,  or  little  waves,  propac^ated 
through  elastic  bodies  in  all  dii-ections,  so  light  might  be  nothing 
more  than  the  consequence  of  similar  undulations  transmitted  with 
inconceivable  velocity  through  a  highly  elastic  medium,  of  excessive 
tenuity,  filling  all  space,  and  occupying  the  intervals  between  the 
particles  of  material  substances.  To  this  medium  they  gave  the 
name  of  ether.  The  wave  hypothesis  of  light  is  at  present  generally 
adopted.  It  is  in  harmony  with  all  the  known  phenomena  discovered 
smce  the  time  of  Newton,  not  a  few  of  which  were  first  deduced 
from  the  undulatory  theory,  and  afterwards  verified  by  expeiiment. 
Several  well-known  facts  are  in  direct  opposition  to  the  theory  of 
emission. 

A  ray  of  light  emitted  from  a  luminous  body  proceeds  in  a 
straight  line,  and  with  extreme  velocity.  Certain  astronomical 
observations  afford  the  means  of  approximating  to  a  knowledge 
of  this  velocity.  The  satellites  of  Jupiter  revolve  about  the 
planet  in  the  same  manner  as  the  moon  about  the  earth,  and  the 
time  of  revolution  of  each  satellite  is  exactly  known  from  its 
periodical  entry  into  or  exit  from  the  shadoAv  of  the  planet.  The 
time  required  by  one  is  only  42  houre.  Eomer,  the  astronomer  of 
Copenhagen,  found  that  this  period  appeared  to  be  longer  when  the 
earth,  in  its  passage  round  the  sun,  moved  from  the  planet  Jupiter  ; 
and,  on  the  contrary,  he  observed  that  the  periodic  time  appeared 
to  be  shorter  when  the  earth  moved  in  the  du-ectiou  towards  Jupiter. 
The  difference,  though  very  small  for  a  single  revolution  of  the 
satellite,  mcreases,  by  the  addition  of  many  revolutions,  during 
the  passage  of  the  earth  from  its  nearest  to  its  greatest  distance  from 
Jupiter,  that  is,  in  about  half  a  year,  till  it  amounts  to  16  minutes 
and  16  seconds.  Eomer  concluded  from  this,  that  the  lio-ht  of  the 
sun,  reflected  from  the  satellite,  required  that  time  to  pass  throuo-h 
a  distance  equal  to  the  diameter  of  the  orbit  of  the  earth ;  and  since 
this  space  is  little  short  of  200  millions  of  miles,  the  velocity  of  licrht 
cannot  be  less  than  200,000  miles  in  a  second  of  time.  It  wilfbe 
seen  hereafter  that  tliis  rapidity  of  transmission  is  rivalled  by  that 
of  electricity.  Another  astronomical  phenomenon,  obserA-ed  and 
correctly  explained  by  Bradley,  the  aberration  of  the  fixed  stars 
leads  to  the  same  result.  Physicists  have,  moreover,  succeeded  iii' 
measuring  the  velocity  of  light  for  terrestrial,  and  indeed  compara- 
tively small  distances ;  the  results  of  these  experiments  essentially 
correspond  with  those  given  by  astronomical  observations. 
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Eeflection. — When  a  ray  of  light  falls  upon  a  boimdary  hetween 
two  media,  a  part  of  it,  and,  in  exceptional  cases,  the  whole,  is 
reflected  into  the  first  medium,  whilst 
the  other  part  penetrates  into  the 
second  medium. 

The  law  of  regular  reflection  is 
extremely  simple.  If  a  line  he  drawn 
perpendicular  to  the  surface  upon 
which  the  ray  falls,  and  the  angle 
contained  between  the  ray  and  the 
perpendicular  be  measured,  it  will  be 
found  that  the  ray,  after  reflection, 
takes  such  a  com-se  as  to  make  with  the  perpendicular  an  equal  angle 
on  the  opposite  side  of  the  latter.  A  ray  of  light,  R,  falling  at  the 
point  p,  will  be  reflected  in  the  direction  pb',  making  the  angle  r'pp' 
equal  to  the  angle  rpp'  ;  and  a  ray  from  the  point  r  falling  upon 
the  same  spot  will  be  reflected  to  r'  in  vii-tue  of  the  same  law. 
Further,  it  is  to  be  observed,  that  the  incident  and  reflected  rays  are 
always  contained  in  the  same  normal  plane. 

The  same  rule  holds  good  if  the  mirror  be  curved,  as  a  portion 
of  a  sphere,  the  curve  being  considered  as  made  up  of  a  multitude 
of  little  planes.  Parallel  rays  cease  to  be  so  when  reflected  from 
curved  sm-faces,  becoming  divergent  or  convergent  according  as 
the  reflecting  surface  is  convex  or  concave. 

Bodies  with  rough  and  uneven  surfaces,  the  smallest  parts  oi 
which  are  inclined  towards  each  other  without  order,  reflect  the 
light  difPused.  The  perception  of  bodies  depends  upon  the  difl;used 
reflected  light. 

Refraction.— It  has  just  been  stated  that  light  passes  in  straight 
lines ;  but  this  is  true  only  so  long  as  the  medium  through  which 
it  travels  preserves  the  same  density  and  the  same  chemical 
nature :  when  this  ceases  to  be  the  case,  the  ray  of  light  is  bent 
from  its  course  into  a  new  one,  or  is  said  to  be  refracted. 

Let  R  (fig.  37)  be  a  ray  of  light 
falling  upon  a  plate  of  some  trans- 
parent substance  with  parallel  sides, 
such  as  a  piece  of  thick  plate  glass, — 
in  short,  any  transparent  homogeneous 
material  which  is  either  non-crystal- 
line,  or   crystallises  in  the  regular 
system ;  and  let  a  be  its  point  of 
contact  with  the  upper  surface.  The 
ray,  instead  of  holding  a  straight  course 
and  passing  into  the  glass  in  the  direc- 
tion A  B,  will  be  bent  downwards  to  c  ;  ^, 
and,  on  leaving  the  glass,  and  issuing  " 
into  the  air  on  the  other  side,  it  will 

again  be  bent,  but  in  the  opposite  direction,  so  as  to  make  it  parallel 
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to  the  continuation  of  its  former  track,  provided  there  be  one  and  the 
same  medium  on  the  upper  and  lower  side  of  the  plate.  The  general 
law  IS  thus  expressed  :— When  the  ray  passes  from  a  rare  to  a  denser 
medium,  It  is  usually  refracted  towards  a  line  perpendicular  to  the 
surtace  oi  the  latter ;  and  conversely,  when  it  leaves  a  dense  medium 
tor  a  rarer  one,  it  is  refracted /ram  a  line  perpendicular  to  the  surface 
ot  the  denser  substance  ;  in  the  former  case  the  angle  of  incidence  is 
greater  than  that  of  refraction ;  in  the  latter,  it  is  less.  In  both 
cases  the  du-ection  of  the  refracted  ray  is  in  the  plane  r  a  s,  which 
IS  formed  by  the  falling  ray  and  the  perpendicular  s  a  draMTi  from 
the  spot  where  the  ray  is  refracted;  the  angle  R  A  s  =  b  a  s'  is 
called  the  angle  of  incidence.  The  angle  c  a  s'  is  caUed  the  angle 
of  refraction.  The  difference  of  these  two  angles,  that  is,  the  anSle 
c  A  B,  IS  the  refraction.  * 

The  amount  of  refraction,  for  the  same  medium,  varies  with 
the  obliquity  with  which  the  ray  strikes  the  surface.  When  per- 
pendicular to  the  latter,  the  ray  passes  without  change  of  direc- 
tion at  all ;  and  in  other  positions,  the  refraction  increases  ynih. 
the  obliqmty. 

Let  R  (fig.  38)  represent  a  ray  of  light  falling  upon  the  surface  of 
a  mass  ot  plate  glass  at  the  point  a.  From  this  point  let  a  perpen- 
dicular fall  and  be  continued  into 
the  new  medium,  and  around  the 
same  point,  as  a  centre,  let  a  circle 
be  drawn.  According  to  the  law 
just  stated,  the  refraction  must  be 
towards  the  perpendicular;  in  the 
direction  A  r',  for  example.  Let  the 
lines  a — a,  a' — a',  at  right  angles  to 
the  perpendicular,  be  drawn,  and 
their  length  compared  by  means  of  a 
scale  of  equal  parts,  and  noted :  their 
length  will,  in  the  case  supposed,  be 
in  proportion  of  3  to  2.  These  lines 
.    . ,  ,     „  are  termed  the  sines  of  the  angles  of 

mcidence  and  refraction- respectively. 

Now  let  another  ray  be  taken,  such  as  r;  it  is  refracted  in  the 
same  manner  to  /,  the  bending  being  greater  from  the  increased 
obliquity  ol  the  ray;  but  what  is  very  remarkable,  if  the  sines  of 
the  two  new  angles  of  incidence  and  refraction  be  acrain  comiiared 
they  wiU  still  be  found  to  bear  to  each  other  the  proportion  of 
3  to  2.  The  fact  is  expressed  by  saying,  that  so  long  as  the  lio-ht 
passes  from  one  to  the  other  of  the  same  two  media,  the  ratio  of 
the  sin.es  of  the  angles  of  incidence  ayid  refraction  is  constant.  This 
ratio  is  called  the  index  of  refraction. 

Diflerent  bodies  possess  difi'erent  refractive  poM^ers ;  general]  v 
speaking,  the  densest  substances  refract  most.  Combustil5e  bodies 
have  been  noticed  to  possess  greater  refractive  power  than  their 
density  would  indicate,  and  from  this  observation  Newton  predicted 
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the  combustible  nature  of  the  diamond  long  before  anything  was 
known  respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparative  refractive 
power  of  different  bodies,  is  to  state  the  ratio  borne  by  the  sine  of 
the  ancle  of  incidence  in  the  first  medium  at  the  boundary  of  the 
second,  to  the  sine  of  the  angle  of  refraction  in  this  second 
medium  ;  this  is  called  the  index  of  refraction  of  the  two  substances  ; 
it  is  greater  or  less  than  unity,  according  as  the  second  medium  is 
denser  or  rarer  than  the  first.  In  the  case  of  air  and  plate  glass 
the  index  of  refi'action  is  1"5. 

When  the  index  of  refraction  of  any-  particular  substance  is  once 
known,  the  effect  of  the  latter  upon  a  ray  of  light  entering  it  in 
any  position  can  be  calculated  by  the  law  of  sines.  The  following 
table  exhibits  the  indices  of  refraction  of  several  substances,  suppos- 
ing the  ray  to  pass  into  them  from  the  air  : — 


Substances. 
Tabasheer,  * 
Ice, 
"Water, 
Fluor  spar, 
Plate  glass, 
Kock-orystal, 
Chrysolite, 
Bisulphide  of  carbon. 


Index  of  refraction. 
1-10 


1-30 
1-34 
1-40 
1-50 
1-60 
1-69 
1-70 


Substances.  Index  of  refraction. 

Garnet,    .       .  .1-80 
Glass  with  much  oxide 

of  lead,  .  .1-90 
Zircon,  .  .  .2-00 
Phosphorus,  .  .  2'20 
Diamond,  .  .  2 '50 
Chromate  of  lead,  .  3  "00 
Cinnabar,        .  .3-20 


Fig.  39. 


When  a  luminous  ray  enters  a  mass  of  substance  differing  in 
refractive  power  from  the  air,  and  whose  sm-faces  are  not  parallel, 
it  becomes  permanently  deflected  from  its  course  and  altered  in  its 
direction.  It  is  irpon  this  principle  that  the  properties  of  prisms 
and  lenses  depend.  To  take  an  example. — 
Figm'e  39  represents  a  triangular  prism  of 
glass,  upon  the  side  of  which  the  ray  of 
light  R  may  be  supposed  to  fall.  This 
ray  will  of  course  be  refracted,  on  entering 
the  glass,  towards  a  line  perpendicular  to 
the  hrst  surface,  and  again,  from  a  line 
perpendicular  to   the  second  surface  on 

emerging  into  the  air.  The  result  is  the  deflection  a  c  B,  which  is 
&]ua,l  to  the  sum  of  the  two  deflections  which  the  ray  undergoes 
in  passing  through  the  prism. 

A  convex  lens  is  thus  enabled  to  converge  rays  of  light  falling 
upon  it,  and  a  concave  lens  to  separate  them  more  widely ;  each 
separate  part  of  the  surface  of  the  lens  producing  its  own  independent 
eflect. 

Dispersion. — The  light  of  the  sun  and  celestial  bodies  in  general, 
as  well  as  that  of  the  electric:  spark  and  of  all  ordinary  flames,  is 
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of  a  compoimd  natiire.  If  a  ray  of  light  from  any  of  the  sources 
mentioned  be  admitted  into  a  dark  room  by  a  small  hole  in  a 
shutter,  or  otherwise,  and  suffered  to  fall  upon  a  glass  prism  in  the 
manner  shown  m  fig.  40,  it  will  not  only  be  refracted  f^om  its 


straight  course,  but  will  be  decomposed  into  a  number  of  coloured 
rays,  which  ruay  be  received  upon  a  white  screen  placed  behind 
the  prism  When  solar  light  is  employed,  the  colours  are 
extremely  bnUiant,  and  spread  into  an  oblong  space  of  consider- 
able length. 

The  prism  being  placed  with  its  base  upwards,  as  in  fig.  40,  the 
upper  part  of  this  image,  or  spectrum,  wiU  be  violet  and  the  lower 
reel,  the  intermediate  portion,  commencing  from  the  ^^olet,  beino- 
mdigo,  blue,  green,  yellow,  and  orange,  all  graduatmg  imperceptibly 
into  each  other.  This  is  the  celebrated  experiment  of  Sir  Isaac 
JNeAvton  ;  fi'oni  it  he  drew  the  inference  that  white  light  is  com- 
posed of  seven  primitive  colours,  the  rays  of  which  are  differently 
retrangible  by  the  same  medium,  and  hence  capable  of  being  thus 
leasT* The  violet  rays  are  most  refi-angible,  and  the  red  rays 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally 
disperse  or  spread  out  the  differently  coloured  rays  to 'the  same 
extent ;  because  the  principal  yellow  or  red  rays,  ibr  instance,  are 
equally  refracted  by  two  prisms  of  different  materials,  it  does  not 
lollow  that  the  blue  or  the  violet  will  be  similarly  affected.  Hence, 
prisms  ol_  different  varieties  of  glass,  or  other  transparent  sub- 
stances, give,  imder  similar  circumstances,  very  different  spectra, 
both  as  respects  the  length  of  the  image,  and  the  relative  extent  of 
the  coloiu-ed  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature 

*  The  colours  of  natural  objects  are  supposed  to  result  from  the  power 
possessed  by  then-  sm-taoes  of  absorbing  some  of  the  coloured  rays,  while  they 
refiect  or  transmit,  as  the  case  may  be,  the  remainder  of  the  rays.  Thus  an 
object  appears  red  because  it  absorbs  or  causes  to  disappear  the  yellow  and 
blue  rays  composing  the  white  light  by  which  it  is  illuminated.  Any  colour 
which  remains  after  the  deduction  of  another  colour  from  white  li^ht  is  said 
to  be  complementary  to  the  latter.  Complementary  colours,  when  actino- 
simultaneously,  reproduce  white  light.  Thus  in  the  e.xaniple  already  quoted" 
red  and  green  are  complementary  colours.  The  fact  of  complementary  colours 
givmg  rise  to  white  light  may  bo  readily  illustrated  by  mixing  in  appropriate 
quantities  a  rose-red  solution  of  cobalt  and  green  solution  of  nickel  •  the  result- 
ing liquid  is  nearly  colourless.  ' 
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of  the  source  of  light :  the  investigation  of  these  differences,  how- 
ever involves  the  use  of  a  more  delicate  apparatus.  Pig.  41  shows 
the  principle  of  such  an  apparatus,  which  is  called  a  spectroscojx. 


The  licht,  passing  thi'oiigh  a  fine  slit,  s,  impmges  upon  a  flmt-glass 
prism,  by  which  it  is  dispersed.  The  decomposed  light  emerges 
from  the  prism  in  several  directions  between  r  (red  rays)  and  v 
(violet  rays) ;  and  the  specti-um  thus  produced  is  observed  by  the 
telescope  t,  which  receives  only  part  of  it  at  once  ;  but  the  several 
parts  may  be  readily  examined  by  turning  slightly  either  the  prism 
or  the  telescope. 

If  the  solar  spectrum  be  examined  in  this  manner,  numerous 
dark  lines  parallel  with  the  edge  of  the  prism  are  observed.  They 
were  discovered  in  1802  by  Dr  WoUaston,  and  subsequently  more 
minutely  investigated  by  Fraimhofer.  They  are  generally  kno\ATi 
as  Fraunhofer's' lines.  These  dark  lines,  which  exist  in  _  great 
numbers,  and  of  very  varying  strength,  are  irregularly  distribiited 
over  the  whole  spectrum.  Some  of  them,  in  consequence  ot  their 
peculiar  strength  and  their  relative  position,  may  always  be  easily 
recogmised  ;  the  more  conspicuous  are  represented  in  fig.  42,  and  m 
the  fronti.spiece.    The  same  dark  lines,  though  paler,  and  much 

Fig.  42. 
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more  difficult  to  recognise,  are  observed  in  the  spectrum  of  planets 
lighted  by  the  sun  ;  for  instance,  in  the  light  emanating  from  Venus. 
On  the  other  hand,  the  dark  lines  observed  in  the  spectra  which  are 
produced  by  the  light  emanating  from  fixed  stars— from  Sirius,  for 
instance — differ  in  position  from  those  previously  mentioned. 

Soiu-ces  of  light  which   contain  no  volatile   constitu tents 
incandescent   platinum  wire,   for  example— fumish  continuous 
spectra,  exhibiting  no  .such  lines.    But  if  volatile  substances 
present  in  the  source  of  light,  bright  lines  are  observed 
spectrum,   wliich  are  frequently  characteristic 
substances. 
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Professor  Plucker,  of  Bonn,  has  investigated  the  spectra  which  are 
produced  by  the  electric  light  when  developed  iii  very  rarefied  gases 
He  found  the  bright  lines  and  the  dark  stripes  between  the  lines 
varying  considerably  with  different  gases.  When  the  electric  light 
was  developed  m  a  mixture  of  two  gases,  the  spectrum  thus  obtained 
exhibited  .simultaneously  the  peculiar  specti-a  belonging  to  the  Uvo 
gases  of  which  the  mixtm-e  consisted.  When  the  experiment  was 
laade  m  gaseous  compounds  capable  of  being  decomposed  by  ihe 
electric  current,  this  decomposition  was  indicated  by  the  spectra  of 
the  separated  constitutents  becoming  perceptible. 

Many  years  ago  the  spectra  of  colom-ed  ffames  were  examined  bv 
Sir  John  Herschel,  Fox  Talbot,  and  W.  A.  Miller.  Within  the  la4; 
few  years  results  of  the  greatest  importance  have  been  obtained  bv 
Kirchhoff  and  Bunsen,  who  have  investigated  the  spectra  furnished 
by  the  incandescence  of  volatile  substances  :  these  reseaches  have 
enriched  chemistry  mth  a  new  method  of  analysis,  the  analysis  by 
spectrum  observations.  In  order  to  recognise  one  of  the  metals  of 
the  alkalis  or  of  the  alkaline  earths,  it  is  generally  sufficient  to 
introduce  a  mmute  quantity  of  a  moderately  volatile  compound  of 
the  metal,  on  the  loop  of  a  platinum  wire,  into  the  edge  of  the  very 
hot,  but  scarcely  luminous  flame,  of  a  mixture  of  air  and  coal-  o-a^ 
and  to  examme  the  specti-um  which  is  furnished  by  the  flame  con- 
taining the  vapom-  of  the  metal  or  its  compound.    Fi^.  43  exhibits 


Fig.  43. 
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the  apparatus  which  is  used  in  performing  experiments  of  thi« 
description.  The  light  of  the  flame  in  which  the  metallic  compound 
18  evaporated  passes  through  the  fine  slit  in  the  disc,  s,  into  a  tube 
the  opposite  end  of  which  is  provided  with  a  convex  lens.  This 
lens  collects  the  rays  diverging  fi-om  the  slit,  and  tlrrows  them 
parallel  upon  the  prism,  The  light  is  decomposed  by  the  prism 
and  the  spectrum  thus  obtained  is  observed  bv  means  of  the  telescope' 
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■which  may  be  turned  round  the  axis  of  the  stand  carrying  the 
prism.    Foreign  light  is  excluded  by  an  apjjropriate  covering. 

The  limits  of  this  elementary  treatise  do  not  permit  us  to  describe 
the  ingenious  arraiagemeuts  which  have  been  contrived  for  sending 
the  light  from  difi'erent  soiu'ces  through  the  same  prism  at  diiferent 
heights,  whereby  theii'  spectra,  the  solar  spectrum,  for  instance, 
and  that  of  a  flame,  may  be  placed  in  a  parallel  position,  the  one 
above  the  other,  and  thus  be  compared.*  The  spectra  of  flames  in 
which  difi'erent  substances  are  volatilised  frequently  exhibit  such 
characteristically  distinct  phenomena,  that  they  may  be  used  with 
the  greatest  advantage  for  the  discrimination  of  these  substances. 
Thus  the  spectrum  of  a  flame  containing  sodium  (Na)  exhibits  a 
bright  line  on  the  yellow  portion,  the  spectrum  of  potassium  (K)  a 
characteristic  bright  line  at  the  extreme  Unlit  of  the  red,  and 
another  at  the  opposite  violet  limit  of  the  spectrvmi.  Lithium  (Li) 
shows  a  bright  brilliant  line  in  the  red,  and  a  paler  line  in  the  yellow 
portion  ;  strontium  (Sr)  a  bright  line  in  the  blue,  one  in  the  orange, 
and  six  less  distinct  ones  in  the  red  portion  of  the  spectriun.  The 
frontispiece  exhibits  the  most  remarkable  of  the  dark  Unes  of  the 
solar  spectrum  (Fraunhofer's  lines),  and  the  position  of  the  bright 
lines  in  the  spectra  of  flames  containing  the  vapours  of  compounds 
of  the  metals  of  the  alkalis  and  alkaline  earths,  also  of  the  metals 
thallium  and  indium. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but 

unequal  in  the  case  of  different  metals.    The  presence  °^200  000  000 

grain  of  sodium  in  the  flame  is  still  easily  recognisable  by  the  bright 
yellow  line  in  the  spectrum.  Lithium,  when  introduced  in  the  form 
of  a  volatile  comjiound,  imparts  to  the  flame  a  red  colour  ;  but  this 
coloration  is  no  longer  perceptible  when  a  volatile  sodium  compound 
is  simultaneously  present,  the  yellow  coloration  of  the  flame 
predominating  under  such  circumstances.  But  when  a  mixture  of 
one  part  of  lithium  and  1000  parts  of  sodium  is  volatilised  in  a 
flame,  the  spectrum  of  the  flame  exhibits,  together  with  the  bright 
yellow  sodium  Une,  likewise  the  red  line  characteristic  of  lithium. 
The  observation  of  bright  lines  not  belonging  to  any  of  the  previously 
known  bodies  has  led  to  the  discovery  of  new  elements.  Thus, 
Bunsen  and  Kirchhoff,  when  examining  the  spectrum  of  a  flame  in 
which  a  mixture  of  alkaline  salt  was  evaporated,  observed  some 
bright  lines,  which  could  not  be  attributed  to  any  of  the  kno-mi 
elements,  and  were  thus  led  to  the  discovery  of  the  two  new  metals, 
caesium  and  rubidium.  By  the  same  method  a  new  element,  thallium , 
has  been  more  recently  discovered  by  Mr  Crookes ;  another,  called 
indium,  by  Reich  and  Richter;  and  a  third,  called  gallium,  by  Lecoq 
de  Boisbaudran. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals, 


*  See  the  article  "Spectral  Analysis,"  by  Prof.  Roscoe,  in  Watta's  Dic- 
tionary of  Chemistry,  vol,  v. 
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electric  spark,  passing  between  two  points  of  the  metal  under 
ainination,  may  be  conveniently  emi^loyed  as  a  source  of  light. 
Small  quantities  of  the  metal  are  invariably  volatilised ;  and  "the 
spectrum  developed  by  the  electric  light  exhibits  the  bright  Unes 
characteristic  of  the  metal  employed.  These  lines  were  observed  by 
Wheatstone  as  early  as  1835.  Tliis  method  of  investigation  is  more 
especially  applicable  to  the  examination  of  the  spectra  of  the  heavy 
metals. 

By  a  series  of  theoretical  considerations,  Professor  Kirchhoff  has 
arrived  at  the  conclusion  that  the  spectrum  of  an  incandescent  gas 
is  reversed— i.e.,  that  the  bright  lines  become  dark  lines— if  there  be 
behind  the  incandescent  gas  a  very  luminous  source  of  light,  which 
by  itseK  fm-nishes  a  continuous  spectrum.    Kii-chhoff  and  Bunsen 
have  fully  confirmed  this  conclusion  by  experiment.    Thus  a  volatile 
lithium  salt  produces,  as  just  pointed  out,  a  very  distinct  bright  Ime 
in  the  red  portion  of  the  specti-um ;  but  if  bright  sunlight,  or  the 
light    emitted  by   a  solid   body  heated  to  the  most  powerful 
incandescence,  be  allowed  to  fall  through  the  flame  upon  the  prism, 
the  spectrum  exhibits,  in  the  place  of  this  bright  line,  a  black  line 
similar  in  every  respect  to  Fraunhofpr's  lines  in  the  solar  spectrum. 
In  like  manner  the  bright  strontium  line  is  reversed  into  a  dark 
line.    Kirchhofl'  and  Bunsen  have  expressed  the  opinion  that  all  the 
Fraunhofer  Uiies  in  the  solar  specb-um  are  bright  lines  thus  reversed. 
In  their  conception,  the  sun  is  suiTovmded  by  a  luminous  atmosphere, 
containing  a  certain  number  of  volatilised  substances,  which  would 
give  rise  in  the  spectrum  to  certain  bright  Lines,  if  the  light  of  the 
solar  atmosphere  alone  could  reach  the  prism;  but  the  intense 
light  of  the  powerfully  incandescent  body  of  the  sun  which  passes 
through  the  solar  atmosphere,  causes  these  bright  Unes  to  be  reversed 
and  to   appear  as  dark  lines  on  the  ordinary  solar  spectrum, 
Kii-chhoff  and  Bunsen  have  thus  been  enabled  to  attempt  the 
investigation  of  the  chemical  constitutents  of  the  solar  atmosj^here, 
by  ascertaining  the  elements  which,  when  in  the  state  of  incandescent 
vapour,  develop  bright  spectral  lines,  coinciding  with  Fraunhofer's 
lines  m  the  solar  spectrum.    Fraunhofer's  Line  D  (fig.  42)  coincides 
most  accurately  with  the  bright  spectral  line  of  sodiiuu,  and  mav  be 
artificially  produced  by  reversing  the  latter ;  sodiiun  would  thus 
appear  to  be  a  constituent  of  the  solar  atmosphere.    Ku-chhoff  has 
proved,  moreover,  that  sixty  bright  Imes  perceptible  in  the  specti-um 
of  iron  correspond,  both  as  to  position  and  cListiiiction,  most  exactly 
with  the  same  number  of  dark  Knes  in  the  solar  specti-um,  and, 
accordingly,  he  beLieves  iron,  in  the  state  of  vapom-,  to  be  present  in 
the  solar  atmosphere.     In  a  similar  manner  this  physicist  has 
endeavoured  to  establish  the  presence  of  several  other  elements  in 
the  solar  atmosphere. 

Ahsoi-ption  Spectra. — The  relative  quantities  of  the  several  coloured 
rays  absorbed  by  a  colom-ed  medium  of  given  thickness  may  be 
observed  by  vie-vving  a  luie  of  light  through  a  prism  and  the  colom-ed 
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luediuui ;  the  spectrum  -will  then  be  seen  to  be  diminished  in  bright- 
ness in  some  parts,  and  perhaps  cut  off  altogether  in  others.  Thi.s 
mode  of  observation  is  often  of  great  use  in  chemical  analysis,  as 
many  coloured  substances  when  thus  examined  afford  very  character- 
istic spectra,  the  pecidiaaities  of  which  may  often  be  distinguished, 
even  though  the  solution  of  the  substance  under  examination 
contains  a  sufficient  amount  of  coloured  impiuities  to  change  its 
colom-  very  considerably.  The  follo\ving  method  of  making  the 
observation  is  given  by  Professor  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint«glass,  ground  to  an 
angle  of  60",  and  just  lar^e  enough  to  cover  the  eye  comfortably. 
The  top  and  bottom  should  be  flat,  for  convenience  of  holding  the 
prism  between  the  thimib  and  fore-hnger,  and  laying  it  down  on  a 
table,  so  as  not  to  scratch  or  soil  the  faces.  A  fine  line  of  light  is 
obtained  by  making  a  vertical  slit  in  a  board  six  inches  square,  or  a 
little  longer  in  a  horizontal  dii-ection,  and  adapting  to  the  aperture 
two  pieces  of  thin  metal.  One  of  the  metal  pieces  is  movable, 
to  allow  of  altering  the  breadth  of  the  slit.  About  the  fiftieth  of  an 
inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and 
metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous 
flame,  the  slit  being,  we  will  suppose,  in  a  vertical  direction,  and 
viewing  the  line  of  light  thus  formed  through  the  prism  held  close 
to  the  eye,  with  its  edge  vertical,  a  pm-e  spectrum  is  obtained  at  a 
proper  azimuth  of  the  prism.  Turning  the  prism  round  its  axis 
alters  the  focus,  and  the  proper  focus  is  got  by  trial.  Tlje  whole  of 
the  spectrum  is  not,  incleed,  in  perfect  focus  at  once,  so  that  in 
scrutinising  one  part  after  another,  it  is  reqiusite  to  tiu'u  the  prism 
a  little.  When  daylight  is  used,  the  spectrum  is  known  to  be  pure 
by  its  showing  the  principal  fixed  lines;  in  other  cases  the  focus  is 
got  by  the  condition  of  seeing  distinctly  the  other  objects,  whatever 
they  may  be,  which  are  presented  in  the  spectrum.  To  observe  the 
absorption  spectrum  of  a  bicjuid,  an  elastic  band  is  put  round  the 


under  the  band,  which  holds  it  in  its  jjlace  behind  the  slit.  The 
spectrum  is  then  observed  just  as  before,  the  test-tube  being  tiu-ned 
from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different 
degrees  of  strength  must  be  used  in  succession,  beginning  with  a 
strength  which  does  not  render  any  part  of  the  spectrum  absolutely 
black,  unless  it  be  one  or  more  very  narrow  bands,  as  otherAvise  the 
most  distinctive  features  of  the  absorption  might  be  missed.  If 
the  solution  be  contained  in  a  wedge-shaped  vessel  instead  of  a 
test-tube,  the  progress  of  the  absorption  may  be  watched  in  a  con- 
tinuous manner  by  sliding  the  vessel  before  the  eye.  Some  obser\'ers 
prefer  u.sing  a  wedge-.shaped  vessel  in  combination  with  the  slit,  the 
slit  being  perpendicular  to  the  edge  of  the  wedge.    In  this  case  each 


containing  the  liquid  is  slipped 
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element  of  the  slit  forms  aii  elementary  si^ectrum  correspondiii'r 
with  a  thicluiess  of  the  solution  which  increases  in  a  continuous 
manner  from  the  edge  of  the  wedge,  where  it  vanishes.  This  is  the 
mode  of  observation  adopted  by  Gladstone.* 

Fig.  44  represents  the  effect  produced  in  this  way  by  a  solution 
of  chromic  chloride,  and  fig.  45  that  produced  by  a  solution  of 
potassium  permanganate. 


The  right  hand  side  of  these  figures  corresponds  with  the  red 
end  of  the  spectrum  ;  the  letters  refer  to  Fraunhofer's  lines.  The 
lower  part  of  each  figure  shows  the  pure  spectrum  seen  through  the 
thinnest  part  of  the  wedge  ;  and  the  progress  of  the  absorption,  as 
the  thickiess  of  the  liquid  increases,  is  seen  by  the  gradual  oblitera- 
tion of  the  spectrum  towards  the  upper  part  of  the  figiu-es. 

Fluorescence. — An  examination  into  a  peculiar  mode  of  analysis 
of  light,  discovered  by  Sir  John  Herschel,  in  a  solution  of  quinine 
sulphate,  has  within  the  last  few  years  led  to  the  discovery  of  a  most 
remarkable  fact.  Professor  Stokes  has  observed  that  light  of  certain 
refrangibHity  and  colour  is  capable  of  experiencing  a  peculiar 
influence  in  being  dispersed  by  certain  media,  and  of  undergoing 
thereby  an  alteration  of  its  refrangibHity  and  colour.  This  curious 
change,  called  fluorescence,  can  be  produced  by  a  great  number  of 
bodies,  both  liquid  and  solid,  transparent  and  opaque.  Frequently 
the  change  affects  only  the  extreme  limits ;  at  other  times  larger 
portions ;  and  in  a  few  cases  even  the  whole,  or,  at  all  events,  the 
major  part  of  the  spectrum.  A  dilute  solution  of  quinine  sulphate, 
for  instance,  changes  the  violet  and  the  dark-blue  light  to  sky-blue  ;' 
by  a  decoction  of  madder  in  a  solution  of  alum  all  rays  of  higher 
refrangibility  than  yellow  are  converted  into  yellow  ;  by  an  alcoholic 
solution  of  the  colouring  matter  of  leaves,  all  the  rays  of  the  spectrum 
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become  red.  In  all  cases  in  which  this  peculiar  phenomenon  pre- 
sented itself  in  a  greater  or  less  degree,  Mr  Stokes  observed  that  it 
consisted  in  a  diminution  of  the  refrangibility.  Thus,  rays  of  so 
high  a  degree  of  refrangibility,  that  they  extend  far  beyond  the 
extreme  limits  of  the  spectrum  visible  under  ordinary  circumstances, 
maybe  rendered  luminous,  and  converted  into  blue  and  even  red  light. 

Double  Eepraction  and  Polarisation. — A  ray  of  common 
light  made  to  pass  thi'ough  certain  crystals  of  a  particular  order  is 
found  to  undergo  a  very  remarkable  change.  It  becomes  split  or 
divided  into  two  rays,  one  of  which  foUows  the  general  law  of  refrac- 
tion, while  the  other  takes  a  new  and  extraordinary  course,  depen- 
dent on  the  position  of  the  crystal.  This  effect,  which  is  caUed 
double  refraction,  is  beautifully  illustrated  in  the  case  of  Iceland 
spar,  or  crystallised  calcium  carbonate.  On  placing  a  rhomb  of  this 
substance  on  a  piece  of  white  paper  on  which  a  mark  or  Line  has 
been  made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suffered  to  faU  on  a  plate  of  glass  at  an 
angle  of  56°  45',  the  portion  of  the  ray  which 'suffers  reflection  will 
he  foimd  to  have  accjuired  properties  which  it  did  not  before  possess  ; 
for  on  thi'owing  it,  at  the  same  angle,  upon  a  second  glass  plate,  it 
wiU  be  observed  that  there  are  two  particular  positions  of  the  latter, 
namely,  those  in  which  the  planes  of  inci- 
dence are  at  right  angles  to  one  another,  Fig.  46. 
when  the  ray  of  light  is  no  longer  reflected, 
but  entirely  refracted.  Light  which  has 
suffered  this  change  is  said  to  be  pola- 
rised. 

The  light  which  passes  through  the  first 
or  polarising  plate  is  also,  to  a  certain  ex- 
tent, in  this  peculiar  condition,  and  by  em- 
ploying a  series  of  similar  plates  held  paral- 
lel to  the  first,  this  effect  may  be  greatly 
increased  ;  a  buntUe  of  fifteen  or  twenty 
such  plates  may  be  used  with  great  con- 
venience for  the  experiment.  It  is  to  be 
remarked,  also,  that  the  light  polarised  by 

transmission  in  this  manner  is  in  an  opposite  state  to  that  polarised 
by  reflection;  that  is,  when  examined  by  a  second  or  analysing 
plate,  held  at  the  angle  before  mentioned,  it  will  be  seen  to  be 
reflected  when  the  other  is  transmitted,  and  to  be  dispersed  when 
the  first  is  reflected. 

It  is  not  every  substance  that  is  capable  of  polarising  light  in  this 
manner  ;  glass,  water,  and  certain  other  bodies  bring  about  the 
change  in  question,  each  having  a  particular  polarising  angle  at 
which  the  eft'ect  is  greatest.  For  eacli  transparent  substance  the 
polarising  angle  is  that  at  which  the  reflected  and  refracted  rays  are 
perpendicular  to  each  other.  Metals  can  also  polarise  light,  by 
reflection,  but  they  do  so  very  imperfectly, 
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_  The  two  rays  into  which  a  pencil  of  common  light  divides  itself 
m  passmgthrongh  a  doubly-re&acting  crystal  are  found  on  examina- 
tion to  be  polarised  in  a  very  complete  manner,  and  also  transversely, 
the  one  being  capable  of  reHection  when  the  other  vanishes  or  is 
transmitted  The  two  rays  are  said  to  be  polarised  in  opposite 
directions.  With  a  rhomb  of  transparent  Iceland  spar  of  tolerably 
large  dimensions,  the  two  oppositely  polarised  rays  may  be  widelv 
separated  and  examined  apart. 

Certain  doubly  refi-acting  crystals  absorb  one  of  these  rays,  but 
not  the  other.  Thi'ough  a  plate  of  such  a  crystal  one  ray  passes 
and  becomes  entu-ely  polarised;  the  other,  which  is  liliewi.se  po- 
larised, but  m  another  plane,  is  removed  by  absorption  The 
best  known  of  these  media  is  tourmaluie.  Wlien  two  plates  of 
this  mineral,  cut  paraUel  to  the  axis  of  the  crystal,  are  held  with 
their  axes  parallel,  as  in  fig.  47,  light  traverses  them  both  freelv  • 
but  when  one  of  them  is  turned  round  in  the  manner  sho\\Ti 
m  fig.  48  so  as  to  make  the  axes  cross  at  right  angles,  the  light  is 
almost  whoUy  stopped,  if  the  tourmalines  are  good.  A  plate 
ot  the  mmeral  thus  becomes  an  exceUent  test  for  discriminatmo- 
between  polarised  light  and  that  which  has  not  imderr^one  the 
change.  ° 


Fig-  47.  Kg.  48. 


Instead  of  the  tourmaline  plate,  which  is  always  coloured,  fi-equent 
use  is  made  of  two  Nichol's  j^risms,  or  conjoined  prisms  of  calcium 
carbonate,  which,  in  consequence  of  a  peculiar  cutting  and  combina- 
tion, possess  the  property  of  allowing  only  one  of" the  oppositely 
polarised  rays  to  pass.  A  more  advantageous  method  of  cutting  and 
combining  prisms  has  been  given  by  M.  Foucaidt.  His  prisms  tire 
as  serviceable  as,  and  less  expensive  than,  those  of  Nichol.  If  two 
Nichol's  or  Foucault's  prisms  be  placed  one  behind  the  other  in 
precisely  similar  positions,  the  light  polarised  by  the  one  goes  tlrrough 
the  other  imaltered.  But  when  one  prism  is  slightly  timied  round 
in  its  setting,  a  cloudiness  is  produced ;  and  by  continuincr  to  turn 
the  prism,  this  increases  until  perfect  darkness  ensues.  This 
happens,  as  with  the  toiu-maline  pates,  when  the  two  prisms  cross 
one  another.  The  phenomenon  is  the  same  with  colouness  as  with 
coloiu-ed  light. 
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Circular  Pok)'Ma<ion.— Supposing  that  polarised  light,  coloured, 
for  exrtiuple,  by  going  thi-ough  a  plate  of  red  glass,  has  passed 
through  the  hrst  Nichol's  prism,  and  been  altogether  obstructed 
iu  consequence  of  the  position  of  the  second  prism,  then,  if  between 
the  two  prisms  a  plate  of  rock-crystal,  formed  by  a  section  at  riglit 
angles  to  the  prmcipal  axis  of  the  crystal,  be  interposed,  the  light 
poFarised  by  the  hrst  prism  -will,  by  passing  thi-ough  the  plate  of 
quartz,  be  enabled  partially  to  pass  thi'ough  the  second  Nichol's 
prisms.  Its  passage  thi'ough  the  second  prism  can  then  again  be 
interrupted  by  tiu-ning  the  second  prism  roimd  to  a  certain. extent. 
The  rotation  required  varies  with  the  thickness  of  the  plate  of  rock- 
crystal,  and  with  the  colour  of  the  light  employed.  _  It  increases 
from  red  in  the  foUowdng  order— yellow,  green,  blue,  violet. 

This  property  of  rock-crystal  was  discovered  by  Ai'ago.  The  kind 
of  polarisation  has  been  called  circidar  polarisation.  The  dii-ection 
of  the  rotation  is  with  many  plates  towards  the  right  hand  ;  in  other 
plates  it  is  towards  the  left.  The  one  class  is  said  to  possess  right- 
handed  polarisation,  or  to  be  dextrorotatonj  or  dextrogyrate;  the  other 
to  possesss  class  left-handed  polarisation,  or  to  be  levorotatory  or 
levogyrate.  For  a  long  time  quartz  was  the  only  solid  body  known 
to  exhibit  circular  polarisation.  Others  have  since  been  found  which 
possess  this  property  in  a  far  higher  degree.  Thus,  a  plate  of  cinna- 
bar acts  fifteen  times  more  powerfiUly  than  a  plate  of  quaxtz  of  equal 
thickness. 

Biot  observed  that  many  solutions  of  organic  substances  exhibit 
the  property  of  circular  polarisation,  though  to  a  far  less  extent  than 
rock-crystal.  Thus,  solutions  of  cane-sugar,  glucose,  and  tartaric  acid, 
possess  right-handed  polarisation ;  whilst  albimiin,  micrystallisable 
sugar,  and  oil  of  turpentine,  are  left-handed.  In  all  these  solutions 
the  amoimt  of  circular  polarisation  increases  with  the  concentration 
of  the  liquid,  and  the  thickness  of  the  column  through  which  the 
light  passes.  Hence  circular  polarisation  is  an  important  auxiliary 
in  chemical  analysis.  In  order  to  determine  the  amount  of  polarisa- 
tion which  any  liquid  exhibits,  it  is  put  into  a  glass  tube  not  less 
than  from  ten  to  twelve  inches  long,  which  is  closed  with  glass  plates. 
This  is  then  placed  between  the  two  Nichol's  prisms,  which  have 
previously  been  so  arranged  with  regard  to  each  other  that  no  light 
could  pass  through.  An  apparatus  of  this  description,  the  sacchari- 
meter,  is  used  for  determining  the  concentration  of  solutions  of 
cane-sugar. 

The  form  of  this  instrument  is  shown  in  fig.  49.  The  two  Nichol's 
prisms  are  enclosed  in  the  corresponding  fastenings  a  and  h.  Between 
the  two  there  is  a  space  to  receive  the  tube,  which  is  tilled  with  the 
solution  of  sugar.  If  the  ])risms  are  crossed  in  the  way  above  men- 
tioned before  the  tube  is  put  jn  its  place,  that  is,  if  they  are  placed 
so  that  no  light  passes  them,  then,  by  the  action  of  the  solution  of 
sugar,  the  light  is  enabled  to  pass,  and  the  Nichol's  prism,  a,  must 
be  turned  through  a  certain  angle  before  the  light  is  again  perfectly 
stopped.    The  magnitude  "of  this  angle  is  observed  on  the  cii-ciUar 
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disk  s  s,  wliicli  is  divided  into  degrees,  and  upon  which,  by  the 
turning  of  the  prism,  an  iadex  z  is  moved  along  the  division.  When 
the  tube  is  exactly  ten  iaches  long,  and  closed  at  both  ends  by  flat 
glass  plates,  and  when  it  is  filled  with  solution  contaioing  10  per 

Fig.  49. 


cent,  by  weight  of  cane-sugar,  and  free  from  any  other  substance 
possessmg  an  action  on  Ught,  the  angle  of  rotation  for  the  middle 
yeUow  ray  is  19-6°.  Now,  the  magnitude  of  this  angle  is  du-ectly 
proportional  to  the  length  of  the  column  of  liquid,  and  also  to  the 
quantity  of  sugar  m  solution.  If,  therefore,  a  solution  containing 
z  per  cent,  by  weight  of  sugai-  ia  a  tube  I  inches  long,  produce  a 
rotation  equal  to  a  degrees,  the  percentage  of  sugar  will  be  given  by 
the  equation — 

1  1 
10  •  10' 

100  a 

19-6  r 


a 
iM 

whence 


z  = 
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This  process  is  not  sufficient  when  the  solution  contains  cane-sugar 
and  uncrystallisable  sugar ;  for  the  latter  rotates  the  ray  to  the  left  ; 
in  that  case  only  the  diil'erence  of  the  two  actions  is  obtained.  But 
if  the  whole  quantity  of  sugar  be  changed  into  uncrystallisable  sugar, 
and  the  experiment  be  repeated,  then  from  the  results  of  the  two 
observations  the  quantity  of  both  kinds  of  sugar  can  easily  be  cal- 
culated. 

It  is  difficult  to  find  exactly  that  position  of  the  Nichol's  prisms 
in  wliich  the  greatest  darkness  prevails.    To  make  the  measm-e- 
ments  more  exact  and  easy,  Soleil  has  made  some  additions  to  the 
apparatus.    At  q,  before  the  prism  h,  a  plate  of  rock-crystal  cut  at 
right  angles  to  the  axis  is  placed.    It  is  divided  in  the  centre  of 
the  field  of  vision,  haK  consisting  of  quartz  rotating  to  the  right 
hand,  and  half  of  the  variety  which  rotates  to  the  left ;  it  is  0-148 
inch  (3-75  millimeters,)  thick,  this  thickness  being  foimd  by  experi- 
ment to  produce  the  greatest  difl'erence  in  the  colour  of  the  two 
halves,  when  one  prism  is  slightly  rotated.    The  solution  of  sugar 
has  precisely  the  same  action  on  the  rotation,  since  it  increases 
the  action  of  the  half  which  has  a  right-handed  rotation,  and  lessens 
the  action  of  the  half  which  rotates  to  the  left.    Hence  the  two 
halves  will  assume  a  different  colour  when  the  smallest  quantity 
of  sugar  is  present  in  the  liquid.    By  slightly  turning  the  Nichol's 
prism  a,  this  difl'erence  can  be  again  removed.    Soleil  has  intro- 
duced another  more  delicate  means  of  effecting  this,  at  the  part  I, 
which  he  calls  the  compensator.    The  most  important  parts  of  this 
are  separately  represented  in  fig.  49.    It  consists  of  two  exactly 
equal  right-angled  prisms,  of  left-handed  quartz,  whose  surfaces, 
c  and  c',  are  cut  perpendicular  to  the  optic  axis.    These  prisms 
can,  by  means  of  the  screw  v  and  a  rack  and  pinion,  be  made  to 
slide  on  one  another,  so  that,  when  taken  together,  they  form  a 
plate  of  varying  thickness,  bounded  by  parallel  surfaces.    One  of 
the  frames  has  a  scale  I,  the  other  a  vernier  n.    When  this  points 
to  zero  of  the  scale,  the  optical  action  of  the  two  prisms  is  exactly 
compensated  by  a  right-handed  plate  of  rock-crystal,  so  that  an 
effect  is  obtained  as  regards  circular  polarisation,  as  if  the  whole 
system  were  not  present.    As  soon,  however,  as  the  screw  is 
moved,  and  thus  the  thickness  of  the  plate  formed  by  the  two 
prisms  is  changed  (we  will  suppose  it  increased),  then  a  left- 
handed  action  ensues,  which  must  be  properly  regulated,  r^ntil 
it  compensates  the  opposite  action  of  a  solution  of  sugar.  Thus 
a  convenient  method  is  obtained  of  rendering  the  colour  of  the 
double  plate  imiform,  when  it  has  ceased  to  be  so  by  the  action  of 
the  sugar. 

Faraday  made  the  remarkable  discovery  that,  if  a  very  strong 
electric  current  be  passed  round  a  sirbstance  which  possesses  the 
property  of  circular  polarisation,  the  amount  of  rotation  is  altered  to 
a  considerable  degi-ee. 
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Heating  and  Chemical  Eats  of  the  Solar  Spectrum.— The 
luminous  rays  of  the  sun  are  accompanied,  as  abeady  mentioned, 
by  others  which  possess  heating  powers.  If  the  temperature  of  the 
different-coloured  spaces  in  the  spectrum  be  tried  with  a  delicate 
thermometer,  it  will  be  found  to  increase  from  the  violet  to  the  red 
extremity,  and  when  the  prism  is  of  some  particular  kinds  of  o-lass, 
the  greatest  effect  will  be  manifested  a  Little  beyond  the  Adsible  red 
rays.  _  The  position  of  the  greatest  heating  effect  in  the  spectrum 
materially  depends  on  the  absorjitive  nature  of  the  glass.  Trans- 
parent though  this  medium  is  to  the  rays  of  light,  it  nevertheless 
absorbs  a,  considerable  quantity  of  the  heat  rays.  Transparent 
rock-salt  is  almost  without  absorptive  action  on  the  thermal  rays. 
In  the  spectrum  obtained  by  passing  the  solar  rays  through  prisms 
of  rock-salt,  the  greatest  thermal  effect  is  foimd  at  a  position  far 
beyond  the  last  visible  red  rays.  It  is  inferred  fi-om  this  that  the 
chief  mass  of  the  heating  rays  of  the  sun  are  among  the  least 
refrangible  components  of  the  solar  beam. 

Again,  it  has  long  been  known  that  chemical  changes  both  of 
combmation  and  of  decomposition,  but  more  particularly  the  latter 
can  be  effected  by  the  action  of  light.    Chlorine  and  hydrogen 
combine  at  common  temperatures  only  under  the  influence  of  light ; 
and  parallel  cases  occur  in  great  numbers  in  organic  chemistry.  The 
blackening  and  decomposition  of  silver  salts  are  familiar  instances 
of  tlie  chemical  powers  of  the  same  agent.  Now,  it  is  not  always  the 
lummous  part  of  the  ray  which  effects  these  changes ;  they  are 
chiefly  produced  by  certain  invisible  rays,  which  accompany  the 
others,  and  are  foimd  most  abundantly  beyond  the  violet  part  of  the 
spectrum.    It  is  there  that  certain  chemical  effects  are  most  marked, 
although  the  intensity  of  the  light  is  exceedingly  feeble.  These 
chemically  acting  rays  are  sometimes  caUed  actinic  rays 
a  ray),  and  the  chemical  action  of  sunlight  is  called  actinism;  but 
these  terms  are  not  very  weU  chosen.    The  chemical  rays  are  thus 
directly  opposed  to  the  heating  rays  in  the  common  spectrum  in 
their  degree  of  refrangibility,  since  they  exceed  aU  the  others  in 
this  respect.    The  luminous  rays,  too,  under  peculiar  conditions, 
exert  decomposing  powers  upon  silver  salts.    The  result  of  the 
action  of  any  ray  depends,  moreover,  greatly  on  the  physical  state 
of  the  surface   uponwhich  it  falls,  and  on  the  chemical  constitu- 
tion of  the  body;   indeed,  for  every  kind  of  ray  a  substance 
may  be  found  which  imder  particular  cii-cumstances  wiU  be 
affected  by  it;  and  thus  it  appears  that  the  chemical  functions  are 
by  no  means  confined  to  any  set  of  rays  to  the  exclusion  of  the  rest 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of 
photography.  In  the  year  1802  Mr  Thomas  Wedgwood  proposed  a 
method  of  copying  paintings  on  glass,  by  placing  beliind  thein  Avhite 
aper  or  leather  moistened  with  a  solutiou  of  silver  nitrate,  which 
ecame  decomposed  and  blackened  by  the  transmitted  light  in 
proportion  to  the  intensity  of  the  latter ;  and  Davy,  in  rei^eatino' 
these  experiments,  found  tliat  he  could  thus  obtain  tolerably  accurate 
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representations  of  objects  of  a  texture  partly  opaque  and  partly 
transparent,  such  as  leaves  and  the  wings  of  insects,  and  even  copy 
■with  a  certain  degree  of  success  the  images  of  small  objects  obtained 
by  the  solar  microscope.  These  pictm-es,  however,  reqirired  to  be 
kept  in  the  dark,  and  could  only  be  examined  by  candle-light, 
otherwise  they  became  obliterated  by  the  blackening  of  the  whole 
surface,  fi'om  which  the  salt  of  silver  coirld  not  be  removed.  These 
attempts  at  light-painting  attracted  but  Httle  notice  till  the  year 
1839,  when  Mr  Fox  Talbot  published  his  plan  of  "  photogenic 
drawing."  This  consisted  in  exposing  in  the  camera  a  paper  soaked 
m  a  weak  solution  of  common  salt,  and  afterwards  washed  over 
with  a  strong  solution  of  niti'ate  of  sUver  ;  the  image  thus  obtained 
was  a  negative  one,  the  lights  being  dark  and  the  shadows  light, 
and  the  pictures  were  fixed  by  immersion  in  a  sohrtion  of  common 
salt. 

Many  improvements  have  been  made  in  this  process.  In  1841 
Fox  Talbot  patented  the  beautiful  process  knoAvn  as  the  "  Talbo- 
type  or  Calotype  process,  •  in  which  the  paper  is  coated  with  sUver 
iodide  by  dipping  it  first  in  silver  "nitrate,  then  in  potassium 
iodide. 

Paper  thus  prepared  is  not  sensitive  per  se  to  the  action  of  light, 
but  may  be  rendered  so  by  wasliing  it  over  with  a  mixture  of  sHvei 
nitrate  and  gallic  or  acetic  acid.  If  it  be  exposed  to  the  camera  for 
two  or  three  minutes,  it  does  not  receive  a  visible  image  (unless 
the  light  has  been  very  strong)  ;  but  still  the  compound  has  under- 
gone a  certain  change  by  the  influence  of  the  light ;  for  on  subse- 
c^uently  Avashing  it  over  with  the  mixture  of  silver  nitrate  and  acetic 
or  gallic  acid,  and  gently  warming  it,  a  negative  image  comes  out 
on  it  with  great  distinctness.  This  image  is  fixed  by  washing  the 
paper  with  sotlimn  hyposulphite,  which  removes  the  whole  of  the 
sDver  iodide  not  acted  upon  by  the  light,  and  thus  protects  the 
pictirre  fi-om  further  change  by  exposure  to  light.  The  negative 
picture  thus  obtained  is  rendered  transparent  by  placing  it  between 
two  sheets  of  blotting-paper  saturated  with  white  wax,  and  passing  a 
moderately  heated  smoothing-iron  over  the  whole.  It  may  then 
be  used  for  printing  positive  jnctures  by  laying  it  on  a  sheet  of  paper 
prepared  with  chloride  or  iodide  of  silver  and  exposing  it  to  the 
sun. 

A  most  important  step  in  the  progress  of  photography  is  the  sub- 
stitution of  a  transparent  film  of  iodised  collodion  or  albumin 
spread  upon  glass,  for  the  iodised  paper  used  in  Talbot's  process,  to 
receive  the  negative  image  in  the  camera.  The  process  is  thus 
rendered  so  much  more  certain  and  rapid,  and  the  positive  pictures 
obtained  by  transferring  the  negative  to  paper  prepared  with 
chloride  or  iodide  of  silver,  are  found  to  be  so  much  sharper  in 
outline  than  when  the  transference  occurs  through  jiaper,  as  in  the 
talbotype  process,  that  this  method  is  now  imiversally  employed. 
In  this  process,  as  in  that  of  the  Calotype,  the  image  jn'oduced  in 
the  camera  is  a  latent  one,  and  reciiures  development  with  substances 
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such  as  pyrogaUic  acid,  or  ferrous  sulphate,  which,  having  a  tendency 
to  absoi-lj  oxygen,  induce,  in  presence  of  silver  nitrate,  the  reduction 
of  the  chloride  or  iodide  to  the  metallic  state.    For  a  description  of 
the  best  apparatus  and  latest  processes  used  in  the  coUodion  method 
SieinSy''' "''''^  Hardwich's   "Manual  of  Photographic 

Sir  John  Herschel  has  shown  that  a  great  number  of  other  sub- 
stances can  be  employed  in  these  photographic  processes  by  taW 
advantage  of  the  deoxidising  effects  of  certain  portions  of  the  solar 
rays.  Paper  washed  with  a  solution  of  ferric  salt  becomes  capable 
of  receiving  impressions  of  this  kind,  which  may  afterwards  be  made 
evident  by  potassium  ferricyanide,  or  gold  chloride.  Vegetable 
coloui's  are  also  acted  upon  in  a  very  curious  and  apparently  definite 
manner  by  the  different  parts  of  the  spectrum. 

The  daguerreotype,  the  announcement  of  which  was  first  made  in 
the  summer  of  1839,  by  M.  Daguerre,  who  had  been  occupied  with 
this  subject  fi-om  1826,  if  not  earlier,  is  another  remarkable  instance 
of  the  decompo.smg  effects  of  the  solar  rays.  A  clean  and  highly 
polished  plate  of  silvered  copper  is  exposed  for  a  certain  time  to  the 
vapour  of  iodine,  and  then  transported  to  the  camera  obscura  In 
the  most  improved  state  of  the  process,  a  very  short  time  suffices 
lor  effecting  the  necessary  change  lq  the  film  of  silver  iodide  The 
picture,  however,  becomes  visible  only  by  exposing  it  to  the  vapour 
oi  mercury,  which  attaches  itself,  in  the  form  of  exceedingly  minute 
globules  to  those  parts  which  have  been  most  acted  upon,  that  is  to 
say,  to  the  lights,  the  shadows  being  formed  by  the  dark  polish  of 
the  metallic  plate.  Lastly,  the  plate  is  washed  with  sodium  hypo- 
sulphite,  to  remove  the  undecomposed  silver  iodide  and  render  it 
permanent. 

_  Since  Daguerre's  time  this  process  has  undergone  considerable 
improvements ;  amongst  these,  we  may  mention  the  exposure  of 
the  plat^e  to  the  vapour  of  bromine,  by  which  the  sensitiveness 
ot  the  him  is  greatly  increased,  and  the  reduction  of  metallic 
gold  upon  the  surface  of  the  film  during  the  process  of  fixin-, 
efferti've  ''''  °^        ^^""^^  ''^^  rendered  more 

Etching  and  lithographic  processes,  by  combined  chemical  and 
photographic  agency,  promise  to  be  of  considerable  utility.  The 
earliest  is  that  of  Ni^jpce :  he  applied  a  bituminous  coating  to  a  metal 
plate,  upon  which  an  engraving  was  superimposed.  The  li"ht  bein« 
thus  partially  interrupted,  acted  unequally  upon  the  varnish  •  a 
liquid  hyclro-carbon,  petroleuvi,  used  as  a  solvent,  removed  the 
bitumen  wherever  the  light  had  not  acted  ;  an  engi-a^ang  acid  could 
now  bite  the  unprotected  metal,  which  could  eventuaUy  be  pi-inted 
from  m  the  usual  way.  Very  successful  residts  have  also  been 
obtamed  by  M.  Fizeau,  who  submits  the  daguerreotype  to  the  action 
of  a  mixtui-e  of  dilute  nitric  acid,  common  salt,^  and  potassium 
nitrate,  when  the  silver  only  is  attacked,  the  mercurialised  portion 
of  the  image  resistmg  the  acid  ;  an  etching  is  thus  obtained  foUowino- 
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minutely  the  lights  and  shadows  of  the  picture.  To  deepen,  this 
etching,  the  silver  chloride  formed  is  removed  by  ammonia,  the  plate 
is  boiled  in  caustic  jjotash  and  again  treated  with  acid,  and  so  on  till 
the  etching  is  of  sufficient  depth.  Sometimes  electro-gilding  is 
resorted  to,  and  an  engraving  acid  is  used  to  get  still  more  powerful 
impressions. 

Among  recent  results  are  those  obtained  by  Mr  Talbot  on  steel 
plates  :  he  uses  a  mixtiu-e  of  potassium  bichi-omate  and  gelatin, 
which  hardens  by  exposure  to  the  light ;  the  parts  (iiot  affected  are 
removed  by  washing.  Platinum  tetracldoride  is  used  as  an  etching 
liquid  :  it  has  the  advantage  of  biting  with  greater  regularity  than 
nitric  acid. 

The  bitumen  process  of  M.  Ni^pce  has  been  applied  to  lithographic 
stone  ;  and  positives  obtained  fi-om  negative  talbotypes  have  been 
printed  off  by  a  modification  of  the  ordinary  lithographic  process. 
M.  Niepce  finds  that  ether  dissolves  the  altered  bitumen,  while 
naphtha,  or  benzol,  attacks  by  preference  the  bitumen  in  its  normal 
condition. 


MAGNETISM. 

A  PARTICULAR  species  of  iron  ore  has  long  been  remarkable  for 
its  property  of  attracting  small  pieces  of  iron,  and  causing  them  to 
adhere  to  its  surface  ;  it  is  called  loadstone,  or  magnetic  iron  ore. 

If  a  piece  of  this  loadstone  be  carefidly  examined,  it  will  be  found 
that  the  attractive  force  for  particles  of  iron  is  greatest  at  certain 
particular  points  of  its  surface,  while  elsewhere  it  is  much  dimi- 
nished, or  even  altogether  absent.  These  attractive  points  are  deno- 
minated poles,  and  the  loadstone  itseK  is  said  to  be  endowed  with 
magnetic  polarity. 

If  one  of  the  pole-surfaces  of  a  natural  loadstone  be  rubbed  in  a 
particular  manner  over  a  bar  of  steel,  its  characteristic  properties  will 
be  communicated  to  the  bar,  which  will  then  be  foimd  to  attract  ii-on- 
filings  like  the  loadstone  itself.  Further,  the  attractive  force  will 
appear  to  be  greatest  at  two  points  situated  very  near  the  extremities 
of  the  bar,  and  least  of  all  towards  the  middle.  The  bar  of  steel  so 
treated  is  said  to  be  magnetised,  or  to  constitute  an  artificial  magnet. 

When  a  magnetised  bar  or  natiu-al  magnet  is  suspended  at  its 
centre  in  any  convenient  manner,  so  as  to  be  free  to  move  in  a  hori- 
zontal plane,  it  is  always  found  to  assume  a  particular  direction 
with  regard  to  the  earth,  one  end  pointing  nearly  north,  and  the 
other  nearly  south.  This  direction  varies  with  the  geographical 
position  of  the  place,  and  is  flifl'erent  also  at  the  same  place  at  tlilfer- 
ent  times.  In  London,  at  the  present  time,  the  needle  points  19°  32' 
west  of  the  astronomical  north.  If  the  bar  be  moved  from  tlais  posi- 
tion, it  wiU  tend  to  reassiune  it,  and,  after  a  few  oscillations,  settle 
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at  rest  as  before.  The  pole  which  points  towards  the  astronomical 
north  IS  usuaUy  distinguished  as  the  north  pole  of  the  bar,  and  that 
which  points  southward  as  the  south  pole. 

A  magnet,  either  natural  or  artificial,  of  symmetrical  form, 
suspended  m  the  presence  of  a  second  magnet,  serves  to  exhibit 
certam  phenomena  of  attraction  and  repidsion  which  deserve 
particular  attention.  When  a  north  pole  is  presented  to  a  south 
pole,  or  a  south  pole  to  a  north,  attraction  ensues  between  them ; 
the  ends  of  the  bars  approach  each  other,  and,  if  permitted,  adhere 
with  considerable  force  ;  when,  on  the  other  hand,  a  north  pole 
IS  brought  near  a  second  north  pole,  or  a  south  pole  near  another 
south  pole,  mutual  repidsion  is  observed,  and  the  ends  of  the 
bars  recede  from  each  other  as  far  as  possible.  Poles  of  an  opjwsite 
name  attract,  and  poles  of  a  similar  name  repel  each  other.  Thus,  a 
small  bar  or  needle  of  steel,  properly  magnetised  and  suspended, 
and  having  its  poles  marked,  becomes  an  instrument  fitted  not 
only  to  discover  the  existence  of  magnetic  power  in  other  bodies, 
but  to  estimate  the  kind  of  polarity  affected  by  their  different  parts! 

A  piece  of  soft  iron  brought  into  the  neighbom-hood  of  a  magnet 
acquires  itself  magnetic  properties :  the  intensity  of  the  power  thus 
conferred  clepends  upon  that  of  the  magnet,  and  upon  the  space 
which  divides  the  two,  becoming  greater  as  that  space  decreases, 
and  greatest  of  all  in  actual  contact.  The  iron,  under  these  circum- 
stances, is  said  to  be  magnetised  by  induction  or  influence,  and 
the  effect,  which  reaches  its  maximum  in  an  iustant,  is  at  once 
destroyed  by  removing  the  magnet. 

When  steel  is  substituted  for  iron  in  this  experiment,  the  in- 
ductive action  is  hardly  perceptible  at  first,  and  becomes  manifest 
only  after  the  lapse  of  a  certain  time :  in  this  condition,  when 

the  steel  bar  is  removed  from  the 
magnet,  it  retains  a  portion  of  the 
induced  polarity.  It  becomes,  in- 
deed, a  jDermanent  magnet,  sinulai" 
to  the  first,  and  retaius  its  peculiar 
properties  for  an  indefinite  time. 
This  resistance  which  steel  always 
offers  in  a  greater  or  less  degree 

  both  to  the  development  of  mag- 

r         '*'4!lllffl!lf  nl  to  its  subsequent  de- 

\   •"mj  struction,  is  called  specific  coercive 

p)ower. 

The  rule  which  regulates  the  in- 
duction of  magnetic  polarity  in  all 
cases  is  exceedingly  simple,  and 
most  important  to  be  remembered. 
The  pole  produced  is  always  of  the 
opposite  name  to  that  which  pro- 
duced it,  a  north  pole  developing 
south  polarity,  and  a  south  pole  north  polaiity.    The  north  pole  of 
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the  mat^net  figiu-ecl  in  the  sketch  induces  sonth  polarity  in  all  the 
nearer  elctremities  of  the  pieces  of  iron  or  steel  which  siUTOuncl  it,  and 
a  state  similar  to  its  own  in  all  the  more  remote  extremities.  Tlie  iron 
thus  magnetised  is  capable  of  exerting  a  similar  inductive  action  on 
a  second  piece,  and  that  upon  a  thiixl,  and  so  to  a  great  number, 
the  intensity  of  the  force  diminishing  as  the  distance  from  the  per- 
manent magnet  increases.  It  is  in  tlus  way  that  a  magnet  is 
enabled  to  hold  up  a  number  of  small  pieces  of  iron,  or  a  bunch 
of  tilings,  each  separate  piece  becoming  for  the  time  a  magnet  by 
induction.  .  . 

Magnetic  polarity,  similar  in  degree  to  that  which  iron  presents, 
has  heeu  found  only  in  some  of  the  compounds  of  iron,  in  nickel, 
and  in  cobalt. 

Magnetic  attractions  and  repulsions  are  not  in  the  slightest  de- 
cree interfered  with  by  the  interposition  of  substances  destitute  of 
magnetic  properties.  Thick  plates  of  glass,  shellac,  metals,  wood, 
or  of  any  substances  except  those  above  mentioned,  may  be  placed 
between  a  magnet  and  a  suspended  needle,  or  a  piece  of  iron 
under  its  influence,  the  distance  being  preserved,  without  the 
least  perceptible  alteration  in  its  attractive  power,  or  force  of 
induction. 

One  kind  of  nolarity  cannot  be  exhibited  without  the  other.  _  In 
other  words,  a  magnetic  pole  cannot  be  isolated.  If  a  magnetised 
bar  of  steel  be  broken  at  its  neutral  point,  or  in  the  middle,  each  of 
the  broken  ends  acquires  an  opposite  pole,  so  that  both  portions 
of  the  bar  become  perfect  magnets;  and,  if  the  division  be  carried 
still  fm-ther,  if  the  bar  be  broken  into  a  hundred  iDieces,  each  frag- 
ment will  be  a  complete  magnet,  having  its  own  north  and  south 
poles. 

This  experiment  serves  to  show  very  clearly  that  the  apparent 
polarity  of  the  bar  is  the  consequence  of  the  polarity  of  each  indi- 
vidual particle,  the  poles  of  the  bar  being  merely  points  through 
which  the  resultants  of  aU  these  forces  pass;  the  largest  magnet 
is  made  up  of  an  immense  number  of  Uttle  magnets  regularly 
arranged  side  by  side,  all  having  their  north  poles  looking  one  way, 

Fig.  51. 
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and  their  south  poles  the  other.  The  middle  portion  of  such  a 
system  cannot  possibly  exhibit  attractive  or  repulsive  efl'ects  on  an 
e.xternal  body,  because  each  pole  is  in  close  juxtaposition  with  one 
of  an  opposite  name  and  of  equal  power.  Hence  their  forces  will  be 
exerted  in  opposite  directions,  and  neutralise  each  other's  influ- 
ence. Such  will  not  be  the  case  at  the  extremities  of  the  bar;  there 
nncompensated  polarity  will  be  found,  capable  of  exerting  its  specific 
power. 
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This  idea  of  regular  polarisation  of  particles  of  matter  in  virtue 
of  a  pair  ol  opposite  and  equal  forces,  is  not  confined  to  magnetic 
phenomena ;  it  is  the  leading  principle  in  electrical  science,  and  is 
constantly  reproduced  in  some  form  or  other  in  every  discussion 
involvmg  the  consideration  of  molecular  forces. 

Artificial  steel  magnets  are  made  in  a  great  variety  of  forms  • 
such  as  small  Hght  needles,  moimted  with  an  agate  cap  for  sus- 
pension upon  a  fine  point ;  straight  bars  of  various  kinds ;  bars 
curved  mto  the  shape  of  a  horse-shoe,  &c.  AU  these  have  regular 
polarity  coinmumcated  to  them  by  certain  processes  of  rubbinc^  or 
touching  with  another  magnet,  which  require  care,  but  are^'not 
otherwise  difficult  of  execution.  When  great  power  is  wi-shed 
for,  a  number  of  bars  may  be  screwed  together,  with  their  similar 
ends  in  contact,  and  in  this  way  it  is  easy  to  construct  permanent 
steel  magnets  capable  of  sustaining  great  weights.  To  prevent 
the  gradual  destruction  of  magnetic  force,  which  would  otherwise 
occur,  It  IS  usual  to  arm  each  pole  with  a  piece  of  soft  iron  or 
keeper,  which,  becoming  magnetised  by  induction,  serves  to  sus- 
tam  the  polarity  of  the  bar,  and  in  some  cases  even  increases  its 
energy. 

Magnetism  is  not  peculiar  to  these  substances  which  have  more 
especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt,  but 
It  IS  the  property  of  all  metals,  though  to  a  much  smaller  degree. 
Very  powerful  magnets  are  required  to  show  this  remai-kable  "fact. 
Large  horse-shoe  magnets,  made  by  the  action  of  the  electric  current, 
are  best  adapted  for  the  purpose.  The  magnetic  action  on  different 
substances  which  are  capable  of  being  easily  moved,  differs  not  only 
according  to  the  size,  but  also  accordiag  to  the  nature  of  the  sub- 
stance. In  consequence  of  this,  Faraday  divides  aU  bodies  into  two 
classes.  He  calls  the  one  magnetic,  or_,  hettei,  parmnagmtic,  and  the 
other  diamagnetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is 
attracted  by  both  poles  of  the  horse-shoe  magnet ;  on  the  contrary, 
the  matter  of  a  diamagnetic  body  is  repelled.  When  a  small  u-on 
bar  IS  hung  by  untwisted  silk  between  the  poles  of  the  magnet,  so 
that  Its  long  diameter  can  easily  move  in  a  horizontal  plane,  it 
arranges  itself  axially,  that  is,  parallel  to  the  sti-aight  line  M^hich 
joms  the  poles,  or  to  the  magnetic  axis  of  the  poles,  assuming  at 
the  end  which  is  nearest  the  north  pole,  a  south  pole,  and  at  the 
end  nearest  the  south  pole,  a  north  pole.  Whenever  the  little  bar 
is  removed  from  this  position,  it  returns,  after  a  few  oscillations, 
to  its  previous  position.  The  whole  class  of  paramagnetic  bodies 
behave  in  a  precisely  similar  way  under  simUai-  cii-cumstances 
but  iu  the  intensity  of  the  effects  great  differences  occirr.  ' 

Diamagnetic_  bodies,  on  the  contrary,  have  their  long  diameter's 
placed  equatorially,  that  is,  at  right  angles  to  the  magnetic  axis. 
They  behave  as  if  at  the  end  opposite  to  each  pole  of  the  mat^net 
the  same  kind  of  polarity  existed.  ° 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best 
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representative  of  the  class,  we  have  nickel,  cobalt,  manganese,  chro- 
niiimi,  cerium,  titanium,  palladinm,  platinum,  osmium,  aluminium, 
oxygen,  and  also  most  of  the  compounds  of  these  bodies,  most  of 
them,  even  when  in  solution.  According  to  Faraday,  the  following 
substances  are  also  feebly  paramagnetic  (magnetic), — paper,  sealing- 
wax,  Indian-ink,  procelain,  asbestos,  fluor-spar,  minium,  cinnabar, 
binoxide  of  lead,  sulphate  of  zinc,  tourmaline,  graphite,  and  char- 
coal. 

In  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin,  cad- 
mium, sodium,  merciuy,  lead,  silver,  copper,  gold,  arsenic,  uranium, 
rhodium,  iridium,  tungsten,  phosphorus,  iodine,  suljahur,  chlorine, 
hydrogen,  and  many  of  their  compounds.  Also,  glass  free  from  iron, 
water,  alcohol,  ether,  nitric  acid,  hydrochloric  acid,  resin,  wax,  olive 
oil,  oil  of  turpentine,  caoutchouc,  sugar,  starch,  gum,  and  wood. 
These  ai-e  diaraagnetic. 

Wlien  diamagnetic  and  paramagnetic  bodies  are  combined,  their 
peculiar  properties  are  more  or  less  neutralised.  In  most  of  these 
compounds,  occasionally  in  consequence  of  the  presence  of  a  very 
small  quantity  of  iron,  the  peculiar  magnetic  power  remains  more 
or  less  in  excess.  Thus  green  bottle-glass,  and  many  varieties 
of  crown  glass,  axe  magnetic  in  consequence  of  the  iron  they  con- 
tain. 

In  order  to  examine  the  magnetic  properties  of  liquids,  they  are 
placed  in  very  thin  glass  tubes,  the  ends  of  which  are  then  closed 
by  melting ;  they  are  then  hung  horizontally  between  the  poles  of 
the  magnet. '  Under  the  influence  of  poles  sufficiently  powerful, 
they  begin  to  swmg,  and  according  as  the  fluid  contents  are  para- 
magnetic (magnetic)  or  diamagnetic,  they  assume  an  axial  or  equa- 
torial position. 

Faraday  has  tried  the  magnetic  condition  of  gases  in  different 
ways.  One  method  consisted  in  making  soap-bubbles  with  the 
gas  which  he  wished  to  investigate,  and  bringing  these  near  the 
poles.  Soap  and  water  alone  is  feebly  diamagnetic.  A  bubble 
filled  with  oxygen  was  strongly  attracted  by  the  magnet.  All 
other  gases  in  the  air  are  diamagnetic,  that  is,  they  are  repelled. 
But,  as  Faraday  has  shown,  in  a  different  way,  t,his  partly  arises 
from  the  paramagnetic  (magnetic)  property  of  the  air.  Thus  he 
found  that  nitrogen,  when  this  differential  action  was  eliminated, 
was  perfectly  indifferent,  whether  it  was  condensed  or  rarefied, 
whether  cooled  or  heated.  When  the  temperature  is  raised,  the 
diaraagnetic  property  of  gases  in  the  air  is  increased.  Hence  the 
flame  of  a  candle  or  of  hydrogen  is  strongly  repelled  by  the  magnet. 
Even  warm  air  is  diamagnetic  in  cold  air. 

For  some  time  it  had  been  believed  tliat  crystallised  bodies 
exhibited  a  special  and  peculiar  behaviour  when  placed  between 
the  poles  of  a  magnet.  It  appeared  as  though  the  magnetic  directing 
power  of  the  crystal  had  some  peculiar  relation  to  the  ])osition  of  its 
optic  axis;  so  that,  independently  of  the  magnetic  property  of  the 
substance  of  the  crystal,  if  the  crystal  were  positively  optical,  it 
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possessed  the  power  of  placing  its  optic  axis  parallel  with  the  line 
which  joined  the  poles  of  the  magnet,  while  optically  negative 
crystals  tried  to  arrange  their  axis  at  right  angles  to  this  line.  This 
supposition  is  disproved  by  the  excellent  investigation  of  TyndaU 
and  Knolilanch,  who  showed  that  exceptions  to  the  above  law  are 
furnished  by  all  classes  of  crystals,  and  proved  that  the  action, 
instead  of  being  independent  of  the  magnetic  natm'e  of  the  mass,  was 
completely  reversed  where,  in  isomorphous  crystals,  a  magnetic 
constituent  was  substituted  for  a  diamagnetic  one.  Eejecting  the 
various  new  forces  assumed,  TyndaU  and  Knoblauch  referred  the 
observed  phenomena  to  the  modification  of  the  magnetic  force  by 
structure,  and  they  imitated  the  effects  exactly  by  means  of  sub- 
stances whose  structure  had  been  modified  by  compression.  In 
a  later  investigation  Tyndall  demonstrated  the  fundamental  principle 
on  which  these  phenomena  depend,  showing  that  the  entire  mass 
of  a  magnetic  body  is  most  strongly  attracted  when  the  attract- 
ing force  acts  parallel  to  the  line  of  compression;  and  that  a 
diamagnetic  substance  is  most  strongly  repelled  when  the  repxilsion 
acts  along  the  same  line.  Hence  when  such  a  body  is  freely 
suspended  in  the  magnetic  field,  the  line  of  compression  must  set 
axially  or  equatorially,  according  as  the  mass  is  magnetic  or  dia- 
magnetic. Faraday  was  the  first  to  establish  a  differential  action 
of  this  kind  in  the  case  of  bismuth ;  Tyndall  extended  it  to  several 
magnetic  and  diamagnetic  crystals,  and  showed  that  it  was  not 
confined  to  them,  but  was  a  general  property  of  matter.  It  was 
also  proved  that  for  a  fixed  distance  the  attraction  of  a  magnetic 
sphere,  and  the  repulsion  of  a  diamagnetic  sphere,  followed  pre- 
cisely the  same  law,  both  being  exactly  proportioned  to  the  square 
of  the  exciting  ciuTent. 

The  phenomena  of  diamagnetism  natui'ally  suggest  the  inquiry, 
whether  the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic 
bodies  is  a  force  distinct  fi'om  that  of  magnetism  as  exerted  upon 
iron  and  other  bodies  of  the  magnetic  class ;  or  whether,  on  the 
other  hand,  the  magnetic  and  diamagnetic  conditions  of  matter 
are  merely  relative,  so  that  all  bodies  are  magnetic  in  difl'erent 
degrees,  and  the  apparent  repulsion  of  a  diamagnetic  body,  such 
as  bismuth,  is  merely  the  result  of  its  being  attracted  by  the 
magnet  less  than  the  particles  of  the  sm-rounding  medium,  just  as 
a  balloon  recedes  from  the  earth  because  its  weight  is  less  than 
that  of  an  equal  bulk  of  the  surrounding  aii\  It  is  easy  to  show 
that  the  same  body  may  appear  magnetic  or  diamagnetic,  according 
to  the  mediimi  ia  which  it  is  placed.  Ferrous  sulphate  is  a 
magnetic  substance,  and  water  is  diamagnetic  :  hence  it  is  possible, 
by  varying  the  strength  of  an  aqueous  solution  of  this  salt,  to  make 
it  either  magnetic,  indifi'erent,  or  diamagnetic,  when  suspended  in 
air.  Again,  a  tube  containing  a  solution  of  ferrous  sulphate  sus- 
pended horizontally  within  a  jar  also  fiUed  with  a  solution  of  the 
same  salt,  and  placed  between  the  poles  of  two  powerful  electro- 
magnets, will  place  itself  axiaUy  or  equatorially,  according  as  the 
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solution  contained  in  it  is  stronger  or  M^eaker  tlian  that  in  the  jar. 
In  the  same  manner,  then,  we  may  conceive  that  bismuth  places 
itself  equatorially  between  two  magnetic  poles,  because  it  is  less 
magnetic  than  the  surrounding  air.  But  the  diamagnetism  of 
bismuth  and  other  bodies  of  the  same  class  shows  itself  in  a  vacuum 
as  M-ell  as  in  aii- :  hence,  if  diamagnetism  is  not  to  be  regarded  as  a 
distinct  force,  we  must  suppose  that  the  ether  is  also  magnetic,  and 
occupies  in  the  magnetic  scale  the  place  intermediate  between 
magnetic  and  diamagnetic  bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  sus- 
ceptibility than  itself  will  recede  from  a  magnetic  pole  in  its 
neighbourhood,  in  consequence  of  the  greater  force  with  wliich  the 
particles  of  the  medium  are  impelled  towards  the  magnet,  is  so 
obvious  a  consequence  of  mechanical  laws,  that  we  can  scarcely 
.avoid  attributing  the  movements  of  diamagnetic  bodies  to  the  cause 
just  mentioned;  at  least,  when  the  body  is  suspended  in  air  or  other 
magnetic  gas.  There  is,  however,  some  difficulty  in  reconciling 
the  above-described  phenomena  of  compressed  and  crystallised 
bodies  with  this  view ;  and,  moreover,  Tyndall  has  sho\ra,  by  a 
method  which  we  cannot  here  describe,*  that  diamagaietic  bodies 
possess  opposite  poles,  analogous  to  those  of  magnetic  bodies,  each 
of  these  poles  being  attracted  by  one  pole  of  a  magnet,  and  repelled 
by  the  other.  This  polarity  shows  decidedly  that  the  properties  of 
diamagnetic  bodies  cannot  be  wholly  due  to  the  differential  action 
above  mentioned ;  for  if  they  were,  every  part  of  a  diamagnetic 
body  would  be  repelled  by  either  pole  of  a  magnet,.  Diamag- 
netism must  therefore,  for  the  present  at  least,  be  regarded  as  a 
force  distinct  from  magnetism. 

*  Phil.  Tvan.s.,  1855  and  1856  ;  see  also  Watts's  Dictionary  of  ChemistiT 
vol.  ill.  p.  776. 
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ELECTRICITY. 

When  glass,  amter,  or  sealing-wax  is  rubbed  with  a  dry  cloth,  it 
accxuii'es  the  power  of  attracting  light  bodies,  as  feathers,  dust,  or 
bits  of  paper ;  this  is  the  result  of  a  new  and  peculiar  condition  of 
the  body  rubbed,  called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  of  white  silk, 
and  a  dry  glass  tube,  excited  by  rubbing,  be  presented  to  it,  the 
feather  will  be  strongly  attracted  to  the  tube,  adhere  to  its  smiace  for 
a  few  seconds,  and  then  fall  off.  If  the  tube  be  now  excited  anew, 
and  presented  to  the  feather,  the  latter  wiU  be  strongly  repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin ; 
the  feather  in  its  ordinary  state  will  be  drawn  towards  the  excited 
body,  and,  after  touching,  again  driven  from  it  with  a  certain  degree 
of  force. 

Now,  let  the  feather  be  brought  into  contact  with  the  excited 
glass,  so  as  to  be  repeUed  by  that  substance,  and  let  a  piece  of 
excited  sealing-wax  be  presented  to  it :  a  degree  of  attraction  wiU  be 
observed  far  exceeding  that  exhibited  when  the  feather  is  in  its 
ordinary  state.  Or,  again,  let  the  feather  be  made  repulsive  for 
sealing-wax,  and  then  the  excited  glass  be  presented :  strong  attrac- 
tion will  ensue. 

The  reader  will  at  once  see  the  perfect  parallelism  between  the 
effects  described  and  some  of  the  phenomena  of  magnetism,  the 
electrical  excitement  having  a  twofold  nature,  lile  the  opposite 
polarities  of  the  magnet.  A  body  to  which  one  kind  of  excitement 
has  been  commimicated  is  attracted  by  another  body  in  the  oppo- 
site state,  and  repeUed  by  one  in  the  same  state ;  the  excited  glass 
and  resin  being  to  each  other  as  the  north  and  south  poles  of  a 
pair  of  magnetised  bars. 

To  distmguish  these  two  different  fonns  of  excitement,  terms  are 
employed  which,  although  originating  in  some  measure  in  theo- 
retical views  of  the  nature  of  the  electrical  disturbance,  may  be 
rmderstood  by  the  student  as  purely  arbitrary  and  distinctive  Tit  is 
customary  to  call  the  electricity  manifested  by  glass  rubbed  with  silk 
positive  or  vitreous,  and  that  developed  in  the  case  of  sheUac,  and 
bodies  of  the  same  class  rubbed  with  flannel,  negative  or  resinous. 
The  kind  of  electricity  depends  in  some  measure  upon  the  nature 
of  the  surface  and  the  quality  of  the  rubber ;  smooth  and  perfectly 
clean  glass,  rubbed  with  silk,  becomes  positive,  but  when  groimd  or 
roughened  hj  sand  or  emery,  it  acquires,  under  the  same  circum- 
stances, a  negative  charge.  Glass  dried  over  a  gas  flame  and  rubbed 
with  wool  is  generally  also  negative;  when  dried  over  a  fire  of 
wood-charcoal  it  remains  positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is 
taken  advantage  of  to  construct  instruments  for  indicating  electrical 
excitement  and  pomthig  out  its  kind.    Two  baUs  of  elder  pith, 
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hung  by  threads  or  very  fine  metal  wii'es,  serve  this  pm-pose  in 
many  cases  :  they  open  out  when  excited,  in  virtue  of  their  mutual 
repulsion,  and  show  by  the  degrees  of  divergence  the  extent  to 
which  the  excitement  has  been  carried.    A  pair  of  gold  leaves  sus- 


Fig.  52.  Fig.  53. 


pended  to  a  metal  rod  having  a  brass  plate  on  its  upper  end  con- 
stitute a  much  more  delicate  arrangement,  and  one  of  great  value  in 
all  electrical  investigations.  The  rod  should  be  covered  with  a  thick 
coating  of  shellac,  and  it  must  be  fastened  by  means  of  a  cork,  air- 
tight, into  a  glass  flask.  The  flask  must  have  been  perfectly  dried 
previously  by  warming  it.  These  instruments  are  called  electro- 
scopes or  electrometers :  when  excited  by  the  communication  of  a 
known  kind  of  electricity,  they  show,  by  an  increased  or  diminished 
divergence,  the  state  of  an  electrified  body  brought  into  their  neigh- 
bourhood (fig.  53). 

One  kind  of  electricity  can  no  more  be  developed  without  the 
other  than  one  kind  of  magnetism :  the  rubber  and  the  body  rubbed 
always  assume  opposite  states,  and  the  positive  condition  on  the 
surface  of  a  mass  of  matter  is  invariably  accompanied  by  a  negative 
state  in  all  surroimding  bodies. 


Fig.  54. 


The  induction  of  magnetism  in  soft  iron  has  its  exact  counter- 
part in  electricity :  a  bocly  already  electrified  disturbs  or  polarises 
the  particles  of  all  surrounding  substances  in  the  same  manner  and 
according  to  the  same  law,  induciirg  a  state  opposite  to  its  own  in 
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A  trlfnf^  l  '  ^^^M  ';r''""  State  in  the  more  remote  parts 
LtPr^-.  ffa  threads,  in  the  manner  repre- 

nZi  t  ^  ^^-.^^  ^"11  each  become  electric  by  induction  M'hen  a 
charged  body  IS  brought  near  the  end  of  the  series,  like  so  many 
pieces  oi  iron  m  the  vicinity  of  a  magnet,  the  positive  half  of  each 
globe  looking  in  one  and  the  same  direction,  and  the  ne'atiJe  half 
in  the  opposite  one.  The  positive  and  negative  signs  are  Sended 
to  represent  the  opposite  states.  o        «  mitnaea 

wit^^thf  .lf.f  ^  °S  T^''''r^  electrical  disturbance  dimini.^hes 
^^t^^Sj^.^:^^"^^      ^'^^^       — ^  or 

setfof^^ZrafS^^^^^ 

magnetic  polarity  of  a  piece  of  steel  can^awakTn  prrftyTa  seco^^ 

nothln"  wbn \f  ""'^  domg  lo  et 

nothing  whatever  of  its  power :  this  is  an  effect  completely  different 
from  the  apparent  transfer  or  discharge  of  electrkitv  constantrv 
witnessed,  which  in  the  air  and  in  Hri^iids  often  g'v  s^  se  to  t£ 
appearance  of  a  bright  spark  of  fire.  Indeed  ordinary  ma^etic 
effects  comprise  two  groups  of  phenomena  only,  those,  namel^  of 
attrac  ion  and  repulsion,  and  those  of  induction.^' But  ir^  elSit^ 
m  addition  to  phenomena  very  closely  resembling  these,  we  have 
the  effects  of  chscharge,  to  which  there  is  nothing  analogous  S 
magnetism  and  which  takes  place  in  an  instant  when  any  elect^Me^ 
body  is  put  m  communication  with  the  earth  by  any  one  of  the  class 
of  substances  called  conductors  of  electricity,  111  signs  of  electriS 
disturbance  then  ceasing.  '        ^  eiecnicai 

tnl^^^^Lir^f '^"'*?''!i°*-  '^le^t^i'^ity.  ^liich  thus  permit  discharge  to 
.nl,!t?!  ^^'"^  ^^'^  contrasted  .vdth  another  class  of 

substances  called  non-conductors  or  insulators.  The  difference 
however,  IS  only  one  of  degree,  not  of  kind;  the  very  best  cou 
ductors  offer  a  certain  resistance  to  the  electrical  cHscharge  and  the 

Se  LfefttTp?'"''iP?"^*  '\      '  '"^^^  The  metal 

are  by  lar  the  best  conductors;  glass,  sUk,  shellac,  and  drv  eras  or 

bX?o?.lwf'°'''        ""'7  ™t;'aud'betweeA  these  thet  'aie 
bodies  ot  all  degrees  of  conducting  power 

In  good  conductors  of  sufficient  size  electrical  discharges  take  place 
silently  and  without  disturbance.  But  if  the  charge  be  veiy  intense 
^tS;T:T^:,:Z::^^  or  imperfectfrom  itsW,  ?t  is  oTeS 

When  a  break  is  made  in  a  conductor  employed  in  effectincr  the 
bscharge  of  a  highly  excited  body,  disruptive  or  spark-discharge 
fakes  place  across  the  intervening  air,  pro^-ided  the  ends  of  the 
conductor  be  not  too  distant.  The  electrical  spark  itself  nre- 
iSbfe"'^''^  °^  ™°'li«°''^tious  to  which  it  is 

The  time  of  transit  of  the  electrical  wave  through  a  charu  of 
good  conducting  bodies  of  great  length  is  so  minute  as  to  be  alto- 
gether inappreciable  to  ordinary  means  of  observation  Professor 
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Wheatstone's  very  ingenious  experiments  on  the  subject  give,  in 
the  instance  of  motion  through  a  copper  wii'e,  a  velocity  sm-passing 
that  of  light. 

Electrical  excitation  is  manifested  only  upon  the  surfaces  of 
conductors,  or  those  portions  directed  towards  other  objects  capable 
of  assuming  the  opposite  state.  An  insulated  ball  charged  vi'ith 
positive  electricity,  and  placed  in  the  centre  of  the  room,  is  main- 
tained in  that  state  by  the  inductive  action  of  the  walls  of  the 
apartment,  which  immediately  become  negatively  electrified;  in 
the  interior  of  the  ball  there  is  absolutely  no  electricity  to  be  found, 
although  it  may  be  constructed  of  open  metal  gauze,  with  meshes 
half  an  inch  wide.  Even  on  the  surface  the  distribution  of  electrical 
force  is  not  always  the  same  ;  it  depends  upon  the  figiu'e  of  the 
body  itself,  and  its  position  with  regard  to  surrounding  objects. 
The  polarity  is  always  highest  in  the  j^rojectiiig  extremities  of  the 
same  conducting  mass,  and  greatest  of  all  when  these  are  attenuated 
to  points ;  in  which  case  the  inequality  becomes  so  great  that 
discharge  takes  place  to  the  air,  and  the  excited  condition  cannot 
be  maintained. 

By  the  aid  of  these  principles,  the  construction  and  use  of  the 
conamon  electrical  rnachine,  and  other  pieces  of  apparatus  of  great 
utiUty,  will  become  intelligible. 


Fig.  55. 


A  glass  cylinder  (fig.  55)  is  mounted  with  its  axis  in  a  horizontal 
position,  and  provided  with  a  handle  or  winch  by  which  it  may  be 
turned.  A  leather  cushion  is  made  to  press  by  a  spring  against 
one  side  of  the  cylinder,  while  a  large  metal  conducting  body, 
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armed  with  a  number  of  points  next  the  glass,  occupies  the  other : 
both  cusliiou  and  conductor  are  insulated  by  glass  supports,  and 
to  the  upper  edge  of  the  former  a  piece  of  silk  is  attached  long 
enough  to  reach  half  round  the  cylmder.  Upon  the  cushion  is 
spread  a  quantity  of  soft  amalgam  of  tin,  zinc,  and  mercury,* 
inLxed  up  with  a  little  grease  :  this  substance  is  foimd  by  expe- 
rience to  excite  glass  most  powerfully.  The  cylinder,  as  it  turns, 
becomes  charged  by  friction  against  the  rubber,  and  as  quickly 
discharged  by  the  row  of  poruts  attached  to  the  great  conductor  ; 
and  as  the  latter  is  also  completely  insulated,  its  siu-face  speedily 
acquires  a  charge  of  positive  electricity,  which  may  be  communi- 
cated by  contact  to  other  insulated  bodies.  The  maximum  effect  is 
produced  when  the  rubber  is  connected  by  a  chain  or  wire  with 
the  earth.  If  negative  electricity  be  wanted,  the  rubber  must  be 
insulated  and  the  conductor  discharged. 


Fig.  56. 


Another  form  of  the  electrical  machine  consists  of  a  circular 
plate  of  glass  (fig.  56)  moving  upon  an  axis,  and  pro-saded  vnth.  two 
pairs  of  cushions  or  rubbers,  attached  to  the  upper  and  lower  parts 
of  the  wooden  frame,  covered  with  amalgam,  Ijetween  which  the 
plate  moves  with  considerable  friction.  An  insulated  conductor, 
armed  as  before  with  points,  discharges  the  plate  as  it  turns,  the 

*  1  part  tin,  1  zinc,  and  6  merc\iry.  An  amalgam  of  permanent  softness 
and  great  efficacy  is  obtained  by  mixing  65  parts  mercury,  24  tin,  and  11 
zinc.    It  is  better  applied  to  sillc  than  to  leather. 
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rubber  being  at  the  same  time  connected  \rith  the  ground  by  the 
wood-work  of  the  machine,  or  by  a  strip  of  metal.  This  fonn  of 
the  apparatus  is  preferred  in  all  cases  where  considerable  power  is 
wanted. 

In  the  management  of  electrical  apparatus,  great  care  must  be 
taken  to  prevent  deposition  of  moisture  from  the  air  upon  the  surface 
of  the  glass  supports,  which  should  always  be  varnished  with  fine 
lac  dissolved  in  alcohol;  the  slightest  film  of  water  is  sufficient  to 
destroy  the  power  of  insulation.  The  rubbers  also  must  be  care- 
fully dried,  and,  like  the  plate,  cleansed  from  adhering  dust  before 
use,  and  the  amalgam  renewed  if  needful:  in  damp  weather  much 
trouble  is  often  experienced  in  bringing  the  machine  into  powerful 
action.  .  . 

When  the  conductor  of  the  machine  is  charged  with  electricity, 
it  acts  indirectly  on,  and  accumulates  the  contrary  electricity  to 
its  own,  at  the  surface  of  all  the  surrounding  conductors.  It  pro- 
duces the  gi'eatest  effect  on  the  conductor  that  is  nearest  to  it  and 
is  in  the  best  connection  with  the  ground,  whereby  the  electricity 
of  the  same  kind  as  that  of  the  machine  may  pass  to  the  earth. 
As  the  inducing  electricity  attracts  the  induced  electricity  of  an 
opposite  kind,  so,  on  the  other  hand,  is  the  former  attracted  by  the 
latter.  Hence,  the  electricity  which  the  conductor  receives  from 
the  machine  must  especially  accumrdate  at  that  spot  to  which 
another  good  conductor  of  electricity  is  opposed.  If  a  metal  disc 
is  xa  connection  with  the  conductor  of  a  machine,  and  if  another 
similar  disc,  in  good  connection  with  the  earth,  is  placed  opposite  to 
to  it,  we  have  an  arrangement  by  which  tolerably  large  and  good 
conducting  surfaces  can  be  brought  close  to  one  another  :  thus  the 
positive  condition  of  the  first  disc,  as  well  as  the  negative  condition 
of  the  other,  must  be  increased  to  a  very  considerable  degree :  the 
limit  is  in  this  case,  however,  soon  reached,  because  the  interven- 
ing air  easily  permits  spark-discharge  to  take  place  through  its  sub- 
stance. With  a  solid  insulating  body,  as  glass  or  lac,  this  happens 
with  much  greater  difficulty,  even  when  the  plate  of 
insulating  matter  is  very  thin.  It  is  on  this  prin- 
ciple that  instruments  for  the  accumulation  of  elec- 
tricity depend,  among  which  the  Leyden  jar  is  the 
most  important. 

A  thin  glass  jar  is  coated  on  both  sides  with  tinfoil, 
care  being  taken  to  leave  several  inches  of  the  upper 
part  uncovered  (fig.  57);  a  wire,  terminating  in  a 
metallic  knob,  communicates  with  the  internal  coat- 
ing. When  the  outside  of  the  jar  is  connected  with 
the  earth,  and  the  knob  put  in  contact  with  the  con- 
ductor of  the  machine,  the  inner  and  outer  surfaces  of 
the  glass  become  respectively  positive  and  negative, 
imtil  a  very  great  degi-ee  of  intensity  has  been  attained. 
On  completing  the  connection  between  the  two  coat- 
ings by  a  metallic  wire  or  rod,  discharge  occurs  in  the  form  of  an 
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exceedingly  bright  spark  accompanied  by  a  loud  snap  :  and  if  the 
human  body  be  interposed  in  the  circuit,  the  pecuHar  and  disagree- 
able sensation  of  the  electric  shock  is  felt  at  the  moment  of  its  com- 
Jjletion. 

By  enlarging  the  dimensions  of  the  jar,  or  by  connecting  together 
a  number  ol  such  jars  in  such  a  manner  that  aU  may  be  charged  and 
discharged  simultaneously,  the  power  of  the  apparatus  may  be  <Teatly 
augmented.  Thin  ^yires  of  metal  may  be  fused  and  dissipated;  ineces 
ol  wood  may  be  shattered ;  many  combustible  substances  set  on  fire ; 
sTale  ^ell-known  effects  of  Hghtning  exhibited  upon  a  small 

The  electric  spark  is  often  very  conveniently  employed  in 
chemical  mqumes  for  firing  gaseous  mixtures  in  closed  vessels  A 
small  Leydenjar  charged  by  the  machine  is  the  most  effective  con- 
trivance for  this  purpose  ;  but,  not  unii-equently,  a  method  may 
be  resorted  to  which  involves  less  preparation.  This  method  was 
devised  by  Bunsen.  A  large  porcelain  tube,  which  is  dry  and  warm 
is  wrapped  round  and  rubbed  briskly  by  a  dry  silken  cloth,  and  after 
each  rub,  the  tube  is  brought  in  the  immediate  neighbourhood  of 
the  knob  of  a  small  Leyden  jar,  the  outer  coating  of  this  vessel  beinc 
m  comiection  with  the  earth.  ° 
The  electrophorus  (fig.  58)  is  also  frequently  used  for  this 
piirpose.  This  instrument  consists  of  a  round  tray  or  dish  of  titmed 
plate,  having  a  stout  wire  round  its  upper  edge;  the  A^ddth  may  be 
about  twelve  inches,  and  the  depth  half  an  inch.  This  tray  is  filled 
with  melted  shellac,  and  the  sm-face  rendered  as  even  as  possible  A 
brass  disc,  with  rounded  edge,  of  about  nine  inches  diameter,  is  also 

provided,  and  fitted  with  an  uisu- 
lating  handle.  The  resinous  plate 
is  excited  by  striking  it  with  a  diy, 
warm  piece  of  fur  or  flannel,  where- 
by it  becomes  charged  with  negative 
electricity.  If  the  cover  be  then 
placed  upon  it,  the  positive  elec- 
tricity is  drawn  to  the  imder  sui-face 
of  the  metal  nearest  to  the  nega- 
tively charged  resinous  cake,  while 
,  P       ,.  ,  negative  electricity  is  repelled 

to  the  tipper  surface  of  the  cover;  on  touching  the  cover  with  the 
finger,  the  negative  electricity  passes  away  to  the  earth,  wliile  an 
additional  quantity  of  positive  electricity  is  drawn  into  the  plate  • 
and  if  the  finger  be  removed  and  the  cover  then  lifted  by  its  insu- 
lating handle,  it  will  be  found  so  strongly  charged  by  induction 
with  positive  electricity  as  to  give  a  bright  spark ;  and  as  the  resin 
is  not  discharged  by  the  cover,  which  merely  touches  it  at  a  few 
points,  sparks  may  be  dra^^^l  as  often  as  may  be  wished. 

Atmospheric  Electricity. — It  is  not  known  to  what  cause  the  distur- 
bance of  the  electrical  equilibrium  of  the  atmosphere  is  due :  experi- 
ment has  shown  that  the  higher  regions  of  the  air  are  usually  in  a 
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positive  state,  the  intensity  of  which  reaches  a  maximum  at  a  par- 
ticidar  period  of  the  day.  In  clondy  and  stormy  weather  the  distri- 
bution of  the  atmospheric  electricity  becomes  much  deranged,  clouds 
near  the  surface  of  the  earth  often  appearing  in  a  negative  state. 

The  circumstances  of  a  thunderstorm  exactly  resemble  those 
of  the  charge  and  discharge  of  a  coated  plate  or  jar;  the  cloud 
and  the  earth  represent  the  two  coatings,  and  the  intervening 
ail'  the  bad  conducting  body,  or  dielectric.  The  polarities  of  the 
opposed  surface  and  of  the  insulatLng  medimn  between  them  be- 
come raised  by  mutual  induction,  imtil  violent  disruptive  discharge 
takes  place  through  the  air  itself,  or  tlu-ough  any  other  bodies  which 
may  happen  to  be  in  the  interval.  Wlien  these  are  capable  of  con- 
ducting freely,  the  discharge  is  sdent  and  harmless ;  but  in  other 
cases  it  often  proves  highly  destructive.  These  dangerous  effects 
are  now  in  a  great  meas'ure  obviated  by  the  use  of  lightning-rods 
attached  to  buUdings,  the  erection  of  which,  however,  demands  a 
number  of  precautions  not  always  understood  or  attended  to.  The 
masts  of  ships  may  be  guarded  in  like  manner  by  metal  conductors. 
Sir  W.  Snow  Harris  has  devised  a  most  ingeiuous  plan  for  the 
purpose,  which  is  now  adopted,  with  complete  success,  in  the  Eoyal 
Navy. 

The  electricity  exhibited  under  certain  cii-cmnstances  by  a 
jet  of  steam,  first  observed  by  mere  accident,  but  since  closely 
investigated  by  Sir  W.  Armstrong,  and  afterwards  by  Faraday, 
is  now  referred  to  the  friction,  not  of  the  piu-e_  steam  itself, 
but  of  particles  of  condensed  water,  against  the  interior  of  the  exit- 
tube.  It  has  been  proved  with  certainty  in  the  last  few  years  that 
evaporation  alone  is  not  capable  of  disturbing  the  electrical 
equilibrium,  and  the  hope  first  entertained,  that  these  phenomena 
would  throw  light  upon  the  cause  of  electrical  excitement  in  the 
atmosphere,  is  now  abandoned.  The  steam  is  usually  positive  if  the 
jet-pipe  be  constructed  of  wood  or  clean  metal,  but  the  introduction 
of  the  smallest  trace  of  oily  matter  causes  a  change  of  sign.  The 
intensity  of  the  charge  is,  cceteris  paribus,  increased  with  the  elastic 
force  of  the  steam.  By  this  means  elfects  have  been  obtained  very 
far  surpassing  those  of  the  most  powerful  plate  electrical  machines 
ever  constructed. 

Although  no  electricity  can  be  dii-ectly  evolved  by  evaporation, 
yet  vapour  possesses  in  a  high  degree  the  property  of  discharging 
into  the  atmosphere  that  electricity  which  often  accumulates  in 
bodies  from  which  it  arises.  The  fresh  branches  and  leaves  of  trees 
do  this  to  the  greatest  extent.  When  moistened  with  rain  or  dew, 
their  surfaces  Ijecome  positively  electrical,  whilst  the  internal  parts, 
even  to  the  roots,  become  negatively  electrical. 

ELECTRIC  CURRENT  ;  ELECTRIC  BATTERY. 

When  two  solid  conducting  bodies  axe  plunged  into  a  liquid 
which  acts  upon  them  unequally,  the  electric  equilibrium  is  dis- 
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T^,  ?^  the  other  the 

negative.    Thus  pieces  ot  zinc  and  platimmi  put  into  dilute  sul- 
phuric acid,  constitute  an  arrangement  capable  of  generating  dectrSl 
orce:  the  zmc  which  is  the  metal  attacked,  becomes^egative 
the  platmum  which  remains  unaltered,  assumes  the  positive  con 
dition;   and  on  making  a  metallic  communication  in  any  way 

ot  a  coated  and  charged  jar  are  put  into  connection. 

re,Sted -""wl  .°,Tr''  °f  disturbance  is 

thloS  thp  ifl  f  successive  charges  and  discharges  take  place 
through  the  fluid  and  metals  mth  inconceivable  rapicUty,  the  result 

™;S7v:m  ^  *°  -^-^  t-m 

Ti.S-.inJ'''''"'7  g^'-^^d,  ^g'linst  the  idea,  which  the  term 
fh.^fl  {  ^"-'SS^f''"^  f^t^ial  l^odily  transfer  of  something  through 
the  substance  of  the  conductors,  like  water  through  a  pipe^  the  rea^ 
nature  of  all  these  phenomena  is  entirely  unkno^?n;  tU  expressi  on 
IS  convemeiit  notwithstanding,  and  consecrated  by  long  Se;  and 
with  this  caution,  the  very  dangerous  error  of  apjlyin|  figurative 

^""^  t^^'^  seeking^the  nature  S  the 
eflect  fiom  the  common  meaning  of  words,  may  be  avoided. 

na,>  of  ZlTf^  f  excitement  developed  by  a  single 

natiol?  f  i  ^™"ging  a  number  of  such  alter- 

nations m  a  connected  series,  m  such  a  manner  that  the  direction 
of  the  current  shaU  be  the  same  in  each,  the  intensity  may  be  very 
greatly  exalted.  The  two  instruments,  invented  b/  Volta,  caUed 
the  pile  and  crown  of  cups,  depend  upon  this  principle. 

i^rt  ^  "^  A  -  ^""^^  '^P^'^^'^  °f  ^lotli'  rather  smaller  than 

Itself,  steeped  m  dilute  acid,  or  any  Uquid  capable  of  exertin^ 

chenucal  action  upon  the  zinc ;  upon  this  is  placed 
a  plate  of  copper,  silver,  or  platinum ;  then  a  second 
piece  of  zmc,  another  cloth,  and  a  plate  of  inactive 
metal,  until  a  jjile  of  about  twenty  alternations  has 
been  built  up.  If  the  two  terminal  plates  be  now 
touched  with  wet  hands,  the  sensation  of  the  elec- 
trical shock  wiU  be  experienced ;  but,  unUke  the 
momentary  elfect  produced  by  the  discharge  of  a 
jar,  the  sensation  can  be  repeated  at  will  by  repeat- 
ing the  contact,  and  M'ith  a  pile  of  one  hundred  such 
paus,  excited  by  dilute  acid,  it  wiU  be  nearly  in- 
supportable. When  such  a  pile  is  insulated,  the 
two  extremities  exhibit  strong  positive  and  nega- 
tive states ;  and  when  connection  is  made  betwe'en 

1     1,       .-u  armed  ^v•ith  points  of  hard  charcoal 

or  plumbago,  the  discharge  takes  place  in  the  form  of  a  bricrht  en- 
during spark  or  stream  of  fire.  ° 

The  second  form  of  apparatus,  or  crown  of  cups,  is  precisely  the 
same  in  principle,  although  diil'erent  in  appearance.    A  nmnber  of 
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cups  or  glasses  are  aiTanged  in  a  row  or  circle,  each  containing  a 
piece  of  active  and  a  piece  of  inactive  metal,  and  a  portion  of  exciting 

Fig.  GO. 


liquid — zinc,  copper,  and  dilute  sulphuric  acid,  for  example.  The 
copper  of  the  first  cup  is  connected  with  the  zinc  of  the  second,  the 
copper  of  the  second  with  the  zinc  of  the  third,  and  so  to  the  end 
of  the  series.  On  establishing  a  communication  between  the  first 
and  last  plates  by  means  of  a  wire,  or  otherwise,  discharge  takes  place 
as  before. 

_  When  any  such  electrical  aiTangement  consists  merely  of  a 
single  pair  of  conductors  aud  an  interposed  liquid,  it  is  called  a 
"simple  circuit;"  when  two  or  more  alternations  are  concerned, 
the  term  "compound  circuit"  is  applied:  they  are  called  also, 
indifferently.  Voltaic  batteries.  In  every  form  of  such  appar- 
atus, however  complex  it  may  appear,  the  du-ection  of  the  current 
may  be  easily  uaderstood  and  remembered 

When  both  eiKls  of  the  series  are  insulated,  the  zinc  end  exhibits 
negative,  the  copper  or  platinum  end  positive  electricity  ;  con- 
sequently, when  the  two  extremities  or  poles  are  joined  by  a 
conducting  wire  and  a  complete  circuit  formed,  the  current  of 
positive  electricity  proceeds  without  the  battery  from  the  platinum  or 
copper  to  the  zinc,  and  within  the  battery,  from  the  zinc  to  the 
copper  or  platinum,  as  indicated  by  the  arrows— just  as  in  the 
common  electrical  machine,  when  the  positive  conductor  and  the 
rubber  are  joined  by  a  wire,  the  positive  current  proceeds  from  the 
conductor  through  the  wire  to  the  rubber,  and  thence  along  the 
surface  of  the  glass  cylinder  or  plate  to  the  conductor  again. 

In  the  modification  of  Volta's  original  pile,  made  by  Cruik- 


Fig.  ei. 


shank,  the  zinc  and  copper  plates   are  soldered  together,  and' 


106 


ELEOTEICITY. 


eemented  water-tight  into  a  mahogany  trough,  which  thus  be- 
comes divided  into  a  series  of  cells  or  compartments  capable  of 
recemng  the  exciting  liquid.  This  apparatus  (fig.  61)  is  weU  fitted 
to  exhibit  effects  of  tension,  to  act  upon  the  electroscope,  and  give 
shocks  :  hence  its  advantageous  employment  in  the  application  of 
electTicity  to  medicine. 

A  form  of  battery  more  convenient  for  most  purposes  is  that 
contrived  by  WoUaston  (fig.  62).  In  this  the  copper  is  made 
completely  to  encircle  the  zinc  plate,  except  at  the  edges,  the  two 
metals  bemg  kept  apart  by  pieces  of  cork  or  wood.  Each  zinc  is 
soldered  to  the  preceding  copper,  and  the  whole  screwed  to  a  bar  of 
diy  mahogany,  so  that  the  plates  can  be  lifted  into  or  out  of  the 
acid,  which  is  contamed  in  an  earthenware  trough,  divided  into 
separate  cells.  The  liquid  consists  of  a  mixtm-e  of  KJO  parts  water 
1^  parts  oil  of  vitriol,  and  two  parts  commercial  nitric  acid,  all  by 
measure.  A  number  of  such  batteries  are  easily  connected  tocrether 
by  straps  of  sheet  copper,  and  admit  of  being  put  into  action  with 
great  ease. 

In  all  these  older  forms  of  the  voltaic  battery,  however  the 
power  rapidly  decreases,  so  that,  after  a  short  time,  scarcely  the 
tenth  part  of  the  original  action  remains.    This  loss  of  power 


Fig.  62, 


depends  partly  on  the  gradual  change  of  the  sulphuric  acid  into 
zmc  sulphate,  but  stiU  more  on  other  causes,  which,  tofrether  with 
the  more  modern  forms  of  the  battery  which  have  been  contrived  to 
obviate  them,  will  be  more  easily  understood  at  a  subsequent  part 
of  the  work,  when  we  come  to  consider  the  nature  and  effects  of 
electro-chemical  decomposition. 

The  term  "galvanism,"  sometimes  applied  to  this  branch  of  elec- 
trical science,  is  used  in  honour  of  Galvani,  of  Bologna,  who,  ia 
1790,  made  the  very  curious  observation  that  convulsions'  coiild  be 
produced  in  the  limbs  of  a  dead  frog  when  certain  metals  were  made 
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to  touch  the  nerve  and  mviscle  at  the  same  moment.  It  was  Volta, 
however,  who  pointed  out  the  electrical  origin  of  these  motions ; 
and  althoiigh  the  explanation  he  offered  of  the  source  of  the  electrical 
disturhance  is  no  longer  generally  adopted,  his  name  is  very  properly 
associated  with  the  invaluable  instrument  his  genius  gave  to  science. 


Fig.  G3. 


ELECTRO-MAGNETISM . 

Although  the  fact  that  electricity  is  capable,  under  certain  cir- 
cumstances, both  of  inducing  and  of  destroying  magnetism,  has 
long  been  known  from  the  effects  of  lightning  on  the  compass-needle 
and  upon  small  steel  articles,  as  knives  and  forks,  to  which  polarity 
has  suddenly  been  given  by  the  sti-oke,  it  was  not  imtil  1819  that 
the  laws  of  these  phenomena  were  discovered  by  Oersted,  of  Copen- 
hagen, and  shortly  afterwards  fully  developed  by  Ampere. 

If  a  wire  conveying  an  electrical  current  be  brought  near  a  mag- 
netic needle,  the  latter  will  immediately  alter 
its  position,  and  assume  a  new  one  as  nearly  per- 
pendicular to  the  wire  as  the  mode  of  suspen-  . 
sion  and  the  magnetism  of  the  earth  will  permit. 
When  the  wire,  for  example,  is  placed  directly 
over  the  needle,  and  parallel  to  its  length,  while 
the  current  it  carries  travels  from  north  to  south, 
the  needle  is  deflected  fi-om  its  ordinary  direction, 
and  the  north  pole  driven  to  the  eastward.  When 
the  current  is  reversed,  the  same  pole  deviates  to 
an  equal  amount  towards  the  west.  Placing  the 
wire  below  the  needle  instead  of  above  produces  the  same  effect 
as  reversing  the  current. 

The  direction  which  the  needle  will  assume  when  placed  in  any 
particular  position  to  the  conducting  wire  may  be  determined  by  the 
following  rule : — -Let  the  current  be  supposed  to  pass  through  a  watch 
from  the  face  to  the  hack:  the  motion  of  the  north  pole  will  he  in  the 
direction  of  the  hands.  Or,  let  the  observer  imagine  himself  swimming 
in  the  direction  of  the  current  with  his  face  towards  the  needle:  the 
north  pole  of  the  needle  will  then  he  deflected  tovmrds  his  left  hcmcl. 

Fig.  64. 


ll 


If  reference  is  often  required,  a  little  piece  of  apparatus  (fig.  64) 
may  be  used,  consisting  of  a  piece  of  pasteboard,  or  otlier  suitable 
material,  cut  into  the  form  of  an  arrow  for  indicating  the  current, 
crossed  by  a  magnet  having  its  poles  marked,  and  arranged  in  the 
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true  position  wiih  respect  to  tlie  current.    The  -direction  of  the 

latter  m  the  wire  of  the  galvanoscope  can  at  once  be  know  by 
placing  the  representative  magnet  in  the  direction  assumed  by  the 
needle  itself. 

When  the  needle  is  subjected  to  the  action  of  two  currents  in 
opposite  directions,  the  one  above  and  the  other  below,  they  wiU 
obviously  concur  in  theh-  effects.  The  same  thing  happens  when 
the  we  carrying  the  current  is  bent  upon  itself,  and  the  needle 
placed  between  the  two  portions  as  in  fig.  G5  ;  and  since  every  time 
the  bendmgis  repeated,  a  fresh  portion  of  the  current  is  made  to  act 
in  the  same  manner  upon  the  needle,  it  is  easy  to  see  how  a  current, 

too  feeble  to  produce  any  effect  when  a 
simple  straight  wire  is  employed,  may  be 
made  by  this  contrivance  to  exhibit  a 
powerful  action  on  the  magnet.  It  is  on 
this  principle  that  instruments  called  gal- 
vanometers,  galvanoscopes,  or  multi'pliers,  are 
constructed ;  they  serve  not  only  to  indi- 
cate the  existence  of  electrical  cm-rents,  but 
to  show,_  by  the  effects  upon  the  needle,  the  direction  in  which  they 
are  moving. 

The  delicacy  of  the  instrument  may  be  immensely  iucreased  by  the 
use  of  a  very  long  coil  of  wire,  and  by  the  addition  of  a  second 
needle.  The  two  needles  are  of  equal  size,  and  magnetised  as  nearly 
as  possible  to  the  same  extent ;  they  are  then  immovably  fixed 
together  parallel,  and  with  their  poles  opposed,  and  himg  by  a  loner 
fibre  of  untwisted  silk,  with  the  lower  needle  in  the  coil,  and  the 
ujiper  one  above  it.    The  advantage  thus  gained  is  twofold ;  the 

system  is  astatic, 
unaffected,  or  near- 
ly so,  by  the  mag- 
netism of  the  earth; 
and  the  needles,  be- 
ing both  acted  upon 
in  the  same  manner 
by  the  current,  are 
urged  with  much 
greater  force  than 
one  alone  would  be, 
aU  the  actions  of 
every  part  of  the 
coil  being  strictly 
concurrent.  A 
divided  circle  is 
placed  below  the 
upper  needle,  by 
which  the  angular  motion  can  be  measured,  and  the  w-hole  is  enclosed 
in  glass,  to  shield  the  needles  from  the  agitation  of  the  air.  The 
arrangement  is  shown  in.  fig.  66. 


Fig.  66. 
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The  direction  of  the  current  which  deflects  the  galvanometer-needle 
in  a  particular  way  is  easily  determined  by  the  rules  given  on  page 
106  when  we  know  the  dii-ection  in  which  the  wire  is  coiled  round 
the  frame.  For  this  purpose  it  is  necessary  to  distinguish  between 
right-handed  and  left-handed  coils  or  helices.  Suppose  the  wire  to 
be  coiled  roimd  a  cylinder  beginning  at  the  left  hand ;  then  if  the 
turns  in  front  of  the  cylinder  proceed  from  below  upwards,  as  in 
fig.  67,  the  coil  is  left-handed  ;  if,  on  the  contrary,  they  proceed  in 
front  from  above  downwards,  as  in  fig.  68,  the  coil  is  right-hauded. 


A  magnetic  needle  placed  with  its  centre  in  the  axis  of  such  a  coil 
tui-ns  its  north  or  south  pole  towards  the  end  of  the  coil  at  which 
the  current  enters,  according  as  the  coU  is  left  or  right-handed. 

The  dii-ection  given  to  the  needle  is  the  same  whether  the  coil  is 
elongated,  as  in  the  above  figures,  or  compressed,  as  in  the  galvan- 
ometer. As,  however,  in  the  galvanometer,  when  complete,  it  is  not 
easy  to  see  whether  the  coil  is  left  or  right-handed,  it  is  best  to 
determine  by  experiment,  once  for  all,  the  direction  taken  by 
the  needle  when  the  current  enters  at  one  particular  end  of  the 
coil. 

Action  of  the  Magnet  on  the  Electric  Current. — The  action  between 
the  cuiTent  and  the  magnet  is  mutual,  so  that  if  the  conductor 
conveying  the  current  is  free  to  move,  it  is  deflected  in  the  direction 
opposite  to  that  which  the  magnet  takes  imder  its  influence;  in 
short,  if  the  magnet  and  conducting  wire  are  both  free  to  move, 
they  place  themselves  at  right  angles  to  each  other,  the  magnet 
moving  in  the  manner  indicated  at  page  106,  and  the  wii-e  in  the 
opposite  direction. 

The  action  of  the  magnet  on  the  current  may  be  shown  by 
means  of  Ampere's  apparatus  (fig.  69).  On  holding  a  bar-magnet 
below  the  rectangular  wire,  and  parallel  to  its  lower  horizontal  arm, 
the  wire  tiirns  round  and  places  itself  at  right  angles  to  the 
magnet,  the  po.sition  of  equilibrium  being  determined  by  the  rule 
just  alluded  to. 

A  simpler  apparatus  for  the  purpose  is  De  la  Eive's  floating 
battery,  which  consists  of  a  pair  of  zinc  and  copper  plates,  contained  in 
a  wide  glass  tube  attached  to  a  cork  float,  and  connected  together  by 
a  rectangular  wire,  or  a  flat  coil,  or  elongated  helix  of  covered 
Avire  (fig.  70). 

A  movable  electric  cuiTent  is  deflected  by  the  earth's  magnetism 
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in.  the  same  way  as  by  an  ordinary  magnet.  Thus  the  rectangular 
■wire  of  Ampere's  apparatus,  or  of  a  floating  hattery,  when  left  to 


Fig.  69. 


Fig.  70. 


Itself  wiU  take  up  a  position  at  right  angles  to  the  macrnetic 
meridian;  and  remembering  that  the  north  magnetic  pole  of  the 
earth  is  analogous  to  the  south  pole  of  an  ordinary  macmet  it  is 
easy  to  see  that,  in  the  position  of  stable  equilibrium,  the^'direction 
ot  the  current  will  be  from  east  to  west  in  the  lower  horizontal 
branch;  and  from  below  upwards  on  the  western  vertical  side 
It  the  wire  has  the  form  of  a  long  helix,  it  will,  in  like  manner 
place  itself  with  the  turns  of  the  heUx  at  right  anales  to  the 
magnetic  meridian,  and  therefore  with  its  axis  parallel  to  that 
meridian,  the  ends  pointing  north  and  south,  just  Kke  those  of  an 
ordmary  magiietic  needle.  If  the  helix  is  left-handed,  the  end 
connected  with  the  copper  plate  of  the  battery  v.^  point  to  the 
north.  '■ 

Mutual  Action  of  Electoic  Currents.— li  a  conducting  wire  con- 
nectmg  the  poles  of  a  voltaic  battery  be  brought  near  the  mov- 
able wire  of  Ampere's  apparatus,  or  the  we  of  a  floating  batterv 
the  movable  wire  wiU  be  attracted  or  repeUed  according  to  the 
relative  direction  of  the  two  currents,  the  general  law  of  the  action 
being  that,  electric  currents  moving  in  parallel  lines  attract  one 
another  if  they  move  in  the  same  direction,  and  repel  one  anotlier  if 
they  move  m  opposite  directions.  From  this  it  is  easy  to  see  that  if 
a  helix  connecting  the  two  poles  of  a  battery  be  brought  near  the 
helix  of  a  floating  battery,  and  if  the  two  helices  are  similar  —that 
IS,  both  right  or  both  left-handed,— then-  simUar  ends,  i.e'  those 
by  which  the  ciu-rent  enters  or  leaves  the  helix,  wiU  repel  each 
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Other,  and  their  dissimilar  ends  will  attract;  each  other,  and  conse- 
quently the  moveable  helix  will  place  itself  parallel  to  the  fixed 
helix  -ivith  its  poles  or  ends  in  the  contrary  direction  to  those  of 
the  fixed  helix.  In  short,  the  two  helices  will  act  on  one  another 
exactly  lilce  two  bar  mag:nets ;  and  if  an  ordinary  bar  magnet  be 
substituted  for  the  fixed  hehx,  the  eft'ect  A^dll  still  be  the  same,  each 
end  of  the  movable  helix  being  attracted  by  one  pole  of  the  mao-net, 
and  repelled  by  the  other. 

This  striking  resemblance  between  the  mutual  action  of  electric 
currents  and  that  of  magnets  has  led  to  the  idea,  suggested  and 
developed  by  Ampere,  that  magnetism  is  actually  produced  by 
electric  currents  circulating  round  the  molecules  of  a  magnet  all  in 
the  same  dii'ection.  These  currents  may  be  supposed  to  pre-exist 
in  all  magnetic  bodies,  even  before  the  development  of  magnetic 
polarity,  but  to  be  disposed  without  regularity,  so  that  they 
neutralise  each  other.  Magnetisation  is  the  process  by  which  these 
molecular  cm-rents  are  made  to  move  in  one  direction,  those  situated 
at  the  surface  yielding,  as  theij  resultant,  a  finite  current  circulating 
roimd  the  magnet,  while  the  currents  in  the  interior  are  neutralised 
by  those  in  the  next  external  layer,  the  contiguous  portions  of  which 
move  in  a  direction  opposite  to  their  own.  The  resultant  action  of 
all  these  molecular  cur- 
rents is  equivalent  to 
that  of  a  number  of 
currents  circulating  round 
the  magnet  in  planes 
perpendicular  to  its  axis 
(fig.  71);  and  from  what 
has  been  said  about  the 
mutual  action  of  magnets 
and  helices  traversed  by 
electric  currents,  it  is  easy 
to  see  that,  on  looking 
along  the  axis  of  a  magnet 
with  its  south  pole  towards 
the  observer,  the  current 
moves  in  the  direction  of 
the  hands  of  a  watch,  that  is,  upwards  on  the  left  side,  and  down- 
wards on  the  right. 


ELECTRO-DYNAMIC  INDUCTION. 

1.  Mametisation  by  the  Current.— When  an  electro-current  is 
passed  through  a  wire  placed  at  right  angles  to  a  bar  of  iron  or 
steel,  the  bar  acquires  magnetic  polarity,  temporary  in  the  case  of 
sott  iron,  permanent  in  the  case  of  hard  iron  or  steel,  the  position 
ot  the  po  es  being  determined  by  the  direction  of  the  ciUTent, 
according  to  the  laws  already  explained. 

This  effect  is  prodigiously  increased  by  coiling  the  conducting 
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Fig.  72. 


wire  in  a  helix  round  the  bar.  A  piece  of  soft  iron  worked  into 
the  iorm  oi  a  horseshoe  (fig.  72),  and  surrounded  by  a  coil  of 
wire  covered  with  silk  or  cotton  for  the  purpose 
of  insulation,  furnishes  an  excellent  illustration 
of  the  inductive  energy  of  the  current  in  this 
respect :  when  the  ends  of  the  wire  are  put  into 
communication  with  a  small  voltaic  battery  of  a 
single  pair  of  plates,  the  iron  instantly  becomes 
so  highly  magnetic  as  to  be  capable  of  sustaining 
a  very  heavj''  weight. 

2.  Induction  of  Electric  Currents  by  the  action 
of  Magnets,  and  of  other  Electric  Currents.—U 
the  two  extremities  of  the  coil  of  the  electro- 
magnet above  described  be  connected  with  a 
galvanoscope,  and  the  iron  magnetised  by  the  ap- 
plication of  a  permanent  steel  horse-shoe  magnet 
to  the  ends  of  the  bar,  a  momentary  current  will 
be  developed  in  the  wire,  and  pointed  out  by 
the  movement  of  the  needle.  It  lasts  but  a 
single  instant,  the  needle,  after  a  few  oscilla- 
tions, returning  to  a  state  of  rest.  On  removing  the  magnet,  whereby 
the  polarity  of  the  iron  is  at  once  destroyed,  a  second  current  or 

Fig.  73. 


wave  will  become  apparent,  but  in  the  opposite  direction  to  that  of 
the  first.  By  employing  a  very  powerful  steel  magnet,  smTouuding 
its  iron  keeper  or  annature  with  a  very  long  coU  of  ^vire,  and  then 
making  the  armature  itseK  rotate  in  front  of  ' the  faces  of  the  magnet, 
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so  that  its  induced  polarity  shall  be  rapidly  reversed,  magneto- 
electric  currents  may  be  produced,  of  such  intensity  as  to  give  bright 
sparks  and  most  powerful  shocks,  and  exhibit  all  the  phenomena  of 
voltaic  electricity.  Fig.  73  represents  a  very  powerful  arrangement 
of  this  kind. 

When  two  covered  wires  are  twisted  together  or  laid  side  by 
side  for  some  distance,  and  a  current  transmitted  through  the  one, 
a  momentary  electrical  wave  will  be  induced  in  the  other  in  the 
reverse  direction  ;  and  on  breaking  connection  with  the  battery,  a 
second  single  wave  will  become  evident  by  the  aid  of  the  galvano- 
scope,  in  the  same  direction  as  that  of  the  primary  current.  In  the 
same  way,  when  a  current  of  electricity  passes  through  one  turn 
in  a  coQ  of  wire,  it  induces  two  secondary  cui-rents  in  all  the  other 
turns  of  the  coil ;  the  first  cirrrent,  which  is  induced  when  the  circuit 
is  closed,  moves  in  the  opposite  direction  to  the  primary  current ; 
the  second,  which  comes  in  existence  when  the  ciixuit  is  broken, 
has  a  motion  in  the  same  direction  as  the  primary  current.  The 
effect  of  the  latter  is  added  to  that  of  the  primary  current.  Hence, 
if  a  wii-e  coil  be  made  part  of  the  conducting  wire  of  a  weak  electric 
pile,  and  if  the  primary  current,  by  means  of  an  appropriate  arrange- 
ment, be  made  and  broken  in  rapid  succession,  we  can  increase  in  a 
remarkable  manner  the  effects  which  are  produced  at  the  moment 
of  breaking  the  circuit,  either  at  the  place  of  interruption,  such  as 
the  spark-discharges,  or  in  secondary  closing  conductors,  as  in  the 
action  on  the  nerves,  or  in  the  decomposition  of  water. 

If  the  two  copper  wires,  the  one  above  the  other,  be  twisted  round 
the  same  hoUow  cylinder,  and  one  of  these  wires — the  inner  one,  foi' 
instance, — be  made  part  of  a  galvanic  circiut,  a  current  of  short 
dm-ation  is  induced  in  the  outer  wire,  both  by  maldng  and  by  break- 
ing contact.  The  strength  of  this  current  can  be  very  appreciably 
increased  by  filling  the  hollow  cylinder  with  a  bundle  of  thin  iron  rods, 
whereby  magnetic  and  electrical  induction  are  made  to  co-operate. 
The  more  frequently  contact  is  alternately  made  and  broken,  the 
greater  is  the  number  of  induced  currents  that  follow  each  other, 
and  the  more  powerful,  within  certain  limits,  is  the  action.  By  an 
ingenious  contrivance,  the  invention  of  Dr.  Neef,  in  which  contact  is 
made  and  broken  by  the  current  itself,  the  induction  apparatus 
actually  becomes  an  electrical  machine.  Fig.  74  exhibits  the 
original  apparatus  slightly  modified.  The  arrangement  consists 
essentially  of  an  elastic  copper  strip  a  a',  which  is  fixed  at  a',  and 
carries  at  &  a  small  plate  of  soft  iron.  The  latter  hangs  over  the  ii'on 
rods  of  the  induction  coil,  which  are  somewhat  raised  in  this  parti- 
cular point,  but  without  toucliing  them.  The  end  a  of  the  copper 
strip  is  covered  with  a  little  plate  of  platinum,  which  presses  against 


inner  coil,  passes  from  the  point  c  to  the  plate  a,  in  order  to  return 
through  the  copper  strip  a  a'  and  the  wire  s.  By  the  passage  of 
the  current  the  iron  rods  have  become  magnetic  and  attract  the  iron 
plate  h,  whereby  the  end  a  of  the  copper  strip  is  removed  from 


The  current  having  traversed  the 
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the  platinum  point,  and  contact  is  broken.  But  as  soon  as  the  cur- 
rent ceases,  the  iron  rods  lose  theii-  magnetism,  the  elastic  copper 
strip  retm>us  to  its  former  position,  and  establishes  again  the  current 
lor  a  short  time.  The  screws  c  and  regulate  the  position  of  the 
spnng  and  the  time  oi  its  oscillations,  the  velocity  of  which  maybe 
es  imated  by  the  pitch  of  the  notes  produced.  This  apparatus, 
called  an  induction  coil,  which  was  first  made  by  Dr.  Neef,  in 
1830,  has  been  considerably  improved  within  the  last  few  years. 
Kuhmkorff  especially,  by  a  more  perfect  isolation  of  the  wire  coils, 

Fig.  74. 


has  succeeded  to  a  much  greater  extent  in  preserving  the  electrical 
induction.  He  has  thus  obtained  a  state  of  electrical  tension  which 
resembles  that  produced  by  fiictional  electricity,  capable  of  givinc^ 
long  sparks,  and  shocks  of  unendurable  force.  By  means  of 
Euhmkorfi''s  coil,  Grove  has  effected  decompositions  in  water  and 
other  bad-conducting  liquids,  which  resemble  those  obtained  many 
years  ago  by  Wollaston  by  means  of  the  electrical  machine.  These 
phenomena  of  decomposition,  which  in  water,  for  instance,  furnish 
oxygen  and  hydrogen  at  the  same  pole,  must  be  distinguished 
Irom  true  electro-chemical  decompositions  ;  they  are,  in  fact,  effects 
ol  heat,  as  Grove  has  pointed  out. 


THEBMO-ELECTRICITT. 

In  the  year  1822  Professor  Seebeck  of  Berlin  discovered  a  new 
source  of  electricity,  namely,  inequ-ality  of  temperature  and  con- 
ducting power  in  different  metals  placed  in  contact,  or  in  the 
same  metal  in  different  states  of  compression  and  density. 

Where  two  pieces  of  different  metals,  connected  together  at  each 
end,  have  one  of  then-  joints  more  heated  than  the  other,  an  electric 
current  is  immediately  set  up.    Of  all  the  metals  tried,  bismuth 
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and  antimony  form  the  most  powerful  combination.  A  single 
pail'  of  bars  liaving  one  of  theii-  junctions  heated  in  the  manner 
shown  in  fig.  75  can  develope  a  current  strong  enough  to  deflect  a 
compass  needle  placed  within ;  and,  by  arranging  a  number  in  a 
series  and  heating  their  alternate  ends,  the  intensity  of  the  current 
may  be  veiy  much  increased.  Such  an  arrangement,  represented 
in  fig.  76,  is  called  a  thermo-electric  pile. 

Fig.  75.  Fig.  76. 


The  cvirrent  produced  by  this  instrument,  even  witb  a  great 
number  of  alteration!,  is  exceedingly  feeble  when  compared  witb 
that  produced  by  the  voltaic  pile ;  but  the  thermomultiplier  placed 
in  contact  with  a  delicate  galvanoscope  forms  an  instrument  for 
measuring  small  variations  of  temperature,  far  surpassing  in  delicacy 
the  most  sensitive  air-thermometer :  it  has  rendered  most  important 
service  in  the  study  of  radiant  heat. 

ANIMAL  ELECTRICITY. 

Certain  fishes,  as  the  torpedo  or  electric  ray  and  the  electric  eel 
(Gymnotus  electricus),  of  South  America,  are  furnished  witb  _a 
special  organ  or  apparatus  for  developing  electric  force,  which  is 
employed  in  defence,  or  in  the  piu-snit  of  prey.  Electricity  is  here 
seen  to  be  closely  connected  with  nervous  power ;  the  shock  is 
given  at  the  will  of  the  animal,  and  great  exhaustion  follows 
repeated  exertion  of  the  power. 


PAET  II. 

CHEMISTRY  OF  ELEMENTARY  BODIES. 
It  is  convenient  for  many  reasons  to  commence  the  study  of  the 
andTa£7  ^^'^  ''''''  composition  of 


OXYGEN. 

Atomic  weight,  16.— Symbol,  0. 

SiYpSsSv        T^^^  V^^'       S'^^^^l^'  ^  Sweden, 

and  i'riestley,  m  England,  mdependently  of  each  other,  and  described 

under  the  terms  empyreal  air  and  dephlogisticated  air.  The  name 
oxygen*  was  given  to  It  by  Lavoisier  some  time  afterwards.  Oxy^n 
exists  in  a  free  and  uncombined  state  in  the  atmosphere,  mLxed  with 
another  gaseous  body,  nitrogen.  No  very  good  direct  means  elist 
however  for  separating  it  from  the  latter;  and,  accorSy  T  is 
always  obtained  for  pm^^oses  of  experiment  by  decomposing  ceiStiL 
of  its  compounds,  which  are  very  numerous.  ^  ^ 

Ihe  red  oxide  of  mercury,  or  red  precipitate  of  the  old  liters 

X^c^hZ  r;  1^^"^^°^^-        t^^^^^^^^tance  the  atti-actSn 

wuicn  holds  together  the  mercury  and  the  oxygen  is  so  feeble  that 

tube,  which  answer  the  purpose  of  a  retort,  while  gas  issues  hi  con- 
siderable quantity  Irom  the  apparatus.  This  gas  Is  collected  and 
examined  by  the  aid  of  the  pneumatic  tiwgh,^vhlch  constts  of  a 

which  stand  the  ai? or 
bottles  destined  to  receive  the  gas,  filled  mth  water  and  in4r  ed 
By  keepmg  the  level  of  the  liquid  above  the  mouth  of  the  iai  tS 
water  is  retained  m  the  latter  by  the  pressui-e  of  the  atmosphere 
and  entrance  of  air  is  prevented.    When  the  jar  is  brought  over  the 
extremity  of  the  gas-dehvery  tube,  the  bubbles  of  gas,  rising  through 

*  From  61^h,  acid,  and  yev,  a  root  signifying  production. 
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the  water,  collect  in  the  upper  part  of  the  jar,  and  displace  the 
liquid.  As  soon  as  one  jar  is  filled,  it  may  be  removed,  still  keep- 
in"  its  mouth  below  the  water-level,  and  another  substituted.  The 
whole  arrangement  is  sho^vn  in  fig.  77. 


The  experiment  here  described  is  more  instructive  as  an  instance 
of  the  resolution  by  simple  means  of  a  compound  body  into  its 
constituents,  than  valuable  as  a  source  of  oxygen  gas.  A  better 
and  more  economical  method  is  to  expose  to  heat  in  a  retort,  or 
flask  furnished  with  a  bent  tube,  a  portion  of  the  salt  called 
potassium  chlorate.  A  common  Florence  flask  serves  perfectly 
well,  the  heat  of  the  spirit-lamp  being  sufficient.  The  salt  melts 
and  decomposes  with  ebullition,  yielding  a  very  large  quantity  of 
oxygen  gas,  which  may  be  collected  in  the  way  above  described. 
The  first  portion  of  the  gas  often  contains  a  little  chlorine.  The 
white  saline  residue  in  the  flask  is  potassium  chloride.  This  plan, 
which  is  very  easy  of  execution,  is  always  adopted  when  very  piu'e 
gas  is  required  for  analytical  purposes. 

A  third  method,  very  good  when  perfect  purity  is  not  demanded, 
is  to  heat  to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  man- 
ganese oxide  of  commerce,  which  under  these  circumstances  sufters 
decomposition,  although  not  to  the  extent  manifest  in.  the  red 
precipitate. 

If  a  little  of  the  black  manganese  oxide  be  finely  powdered  and 
mixed  with  potassium  chlorate,  and  this  mixture  heated  in  a  flask 
or  retort  by  a  lamp,  oxygen  will  be  disengaged  with  the  utmost 
facility,  and  at  a  tar  lower  temperature  than  when  the  chlorate 
alone  is  used.    All  the  oxygen  comes  from  the  chlorate,  the  man- 
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ganese_  remaining  quite  unaltered.  The  materials  sliould  be  weU 
dried  m  a  capsu  e  before  their  introduction  into  the  flask  This 
experiment  aliords  an  mstance  of  an  effect  by  no  means  rare  iS 
which  a  body  seems  to  act  by  its  mere  prese^nce°  wSoutTkin^ 
any  obvious  part  m  the  change  brought  about.  ^ 
Methods  for  the  preparation  of  oxygen  on  a  large  scale  wiU  be 
described  under  the  heads  of  Wphuric  aid  and  iSTuS 

the^IjoSLrS^fll^'  «-^e  remark  applies  to 

the  collection  of  all  other  gases  by  simHar  means— the  first 
portions  of  gas  must  be  suffered  to  escape,  or  be  received 
Status  '"'^'''^^'''^        tl^e  atm^ospheric  air  of  l£ 

The  practical  management  of  gases  is  a  point  of  great  importance 
to  the  chemical  student,  and  one  mth  which  he  LSTndeavoS 
to  iamihanse  himse^.  The  water-trough  just  describedTs  oneTf 
the  most  mcbspensable  articles  of  the  laboratory,  and  by  i  s  afd  all 
experiments  on  gases  are  can-ied  on  when  the  gases  themselves  are 
not  sensibly  acted  upon  by  water.  The  trough  is  best  rnsfaucted 
of  japanned  copper,  the  form  and  dimensions  beinTreSed  by 
the  magmtuc  e  of  the  jars.  It  should  have  a  firm  sheS  so  ar 
ranged  as  to  be  always  about  an  inch  below  the  level  of  the  watS" 
and  m  the  shelf  a  groove  should  be  made  about  half  an  S 
m  wid  h,  and  the  same  in  depth,  to  admit  the  eSeSty  of 

Se  sbp^f ''^wl.  '  ^f"'"'^  ""'^'^  securely  upon 

the  shelf    When  the  pneumatic  trough  is  requii-ed  of  tolerably 
large  dimensions,  it  may  with  great \d vantage  have  the  forn^ 
and  dispositions  represented  in  fig  78    Thp  Pnrl  nf  Vi 
Jken  of,  which  Lsses  .he  sheH  or'iVpLS'n'i  SZ 


Fig.  78. 


Gases  are  transferred  from  jar  to  jar  with  the  utmost  faciUty, 
by  first  fiUmg  the  vessel,  into  which  the  gas  is  to  be  passed,  with 
water,  inverting  it,  carefuUy  retaining  its  mouth  below  the  water- 
level,  and  then  bringmg  beneath  it  the  aperture  of  the  jar  contain- 
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Fig.  79. 


in"  the  gas.  On  gently  incUning  the  latter,  the  gas  passes  by  a 
kind  of  inverted  decantation  into  the  second  vessel.  Wlien  the 
latter  is  narrow,  a  funnel  may  be  placed  loosely  in  its  neck,  by 
which  loss  of  gas  will  be  prevented.  _ 

A  jar  wholly  or  partially  filled  with  gas  at  the  pneumatic  trough 
may  be  removed  by  placmg  beneath  it  a  shallow  basin,  or  even  a 
common  plate,  so  as  to  carry  away  enough  water  to  cover  the 
edge  of  the  jar ;  and  many  gases,  especially  oxygen,  may  be  so 
preserved  for  many  hours  without  material  iiijmy. 

Gas-jars  are  often  capped  at  the  top, 
and  fitted  vfith  a  stop-cock  for  trans- 
ferring gas  to  bladders  or  caoutchouc 
bags.  When  such  a  vessel  is  to  be 
filfed  with  water,  it  may  be  slowly  sunk 
in  an  upright  position  in  the  well  of 
the  pneumatit  trough,  the  stop-cock 
being  open  to  allow  the  air  to  escape, 
until  the  water  reaches  the  brass  cap. 
The  cock  is  then  to  be  turned,  and  the 
jar  lifted  upon  the  shelf,  and  filled  with 
gas  in  the  usual  way.  If  the  trough 
be  not  deep  enough  for  this  method  of 
proceeding,  the  mouth  may  be  applied 
to  the  stop-cock,  and  the  vessel  filled 
by  sucking  out  the  air  until  the  water 
rises  to  the  cap.  In  all  cases  it  is  proper  to  avoid  as  much  possible 
wetting  the  stop-cocks,  and  other  brass  apparatus. 

Mr.  Pepys  contrived  many  years  ago,  an  admirable  piece  of  appar- 
atus for  storing  and  retainiug  large  ciuantities  of  gas.  It  consists  of 
a  drum  or  reservoir  of  sheet  copper,  sur- 
mounted by  a  shallow  trough  or  cistern,  the 
communication  between  the  two  being  made 
by  a  couple  of  tubes  furnished  with  stop-cocks, 
one  of  which  passes  nearly  to  the  bottom  of  the 
drum,  as  shown  in  fig.  80.  A  short  wide  open 
tube  is  inserted  ol)liquely  near  the  bottom 
of  the  vessel,  into  which  a  plug  may  be  tightly 
screwed.  A  stop-cock  near  the  top  serves  to 
transfer  gas  to  a  bladder  or  tube-apparatus. 
A  glass  water-gauge  affixed  to  the  side  of  the 
drum,  and  communicating  with  both  top  and 
bottom,  indicates  the  level  of  the  liquid 
within. 

To  use  the  gas-holder,  the  plug  is  first  to 
be  screwed  into  the  lower  opening,  and  the 
drum  completely  filled  with  water.    All  three  stop-cocks  are  then 
to  be  closed  and  the  plug  removed.     The  pressure  of  the  atmo- 
sphere retains  the  water  in  the  gas-holder,  and  if  no  air-leakage 
occurs,  the  escape  of  water  is  inconsiderable.  The  extremity  of  the 
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Fig.  81. 


t7;  1°.^  7'^  P"'^^*^  tl^e  open  aperture 

h  nr,.  A  4'"'^'  '°  the  buttles  of  gas  may  rise  iithoit  hin- 
diance  to.tbe  upper  part,  displacing  the  water,  which  flows  out  in 
the  same  proportion  into  a  vessel  placed  for  its  reception.  When 
the  dnunis  h  ied,  or  enough  gas  has  been  collected,  the  tube  Ls 
Avithdi-awn  and  the  ;plug  screwed  into  its  place 

Zrf''  %FZ^'°\^^  *°      transferred  to  a  jar,  the  latter 

is  to  be  fiUed  with  water  at  the  pneumatic  trough,  carried  by  the 
help  of  a  basin  or  plate  to  the  cistern  of  the 
gas-holder,  and  placed  over  the  shorter  tube 
On  opening  the  cock  of  the  neighboui-ing 
tube,  the  hydi-o-static  pressure  of  the  column 
of  water  will  cause  compression  of  the  gas 
and  increase  its  elastic  force,  so  that  on 
gently  turning  the  cock  beneath  the  jar,  it 
^1  ascend  into  the  latter  in  a  rapid  stream 
ol  bubbles.  The  jar,  when  fiUed,  may  again 
have  the  plate  slipped  beneath  it,  and  be 
removed  without  difficulty. 

Properties  of  Oxygen.—Oxygen,  when  free 
,  ^      „  imcombmed,  is  known  only  in  the  gas- 

eous  state,  all  attempts  to  reduce  it  to'the  liqiud  or  souLonitTol 
by  cold  and  pressure  having  completely  faHed.  When  pure  it  is 
colourless,  tasteless,  and  inodorous.  ^  ' 

Oxygen  is,  bulk  for  bulk,  a  Uttle  heavier  than  atmospheric  air 
Its  specific  gi-avitybemg  1-10563,  referred  to  that  of  aii  asunitv' 

7fiO  .  "'Pf ^.^"^  P"'^'''^^^'  t^^t  i«  to  «ay,  at  0=  C  ,  and 

1^  5°  p  Troo^^'r  ^^^'o^^^tric  pressure,  weighs  1-43028  gram.  At 
10  0  c.  (60  i .),  and  imdfer  a  pressure  of  30  inches,  100  cubic  inches 
of  the  gas  weigh  34-29  grains. 

Oxygen  is  the  sustaining  principle  of  animal  life,  and  of  aU  the 
ordinary  phenomena  of  combustion.  Bodies  which  burn  in  the  air 
burn  with  greatly  increased  splendour  in  oxygen  gas  If  Ttaner  be 
blown  out,  and  then  introducid  while  the  ^^ck  ren  ains  red-hot  it 
IS  instantly  rekmdled:  a  slip  of  wood  or  a  match  rrelfcThtediL 
the  same  manner.  This  effect  is  highly  characteristic  of  oxwen 
here  bemg  but  one  other  gas  M^hich  possesses  the  same  property  - 
and  this  IS  easily  distinguished  by'  other  means.  The  experi- 
ment with  the  match  is  also  constantly  used  as  a  rude  test  of^the 
purity  of  the  gas  when  it  is  about  to  be  collected  from  the  retort  or 
M^hen  It  has  stood  for  some  time  in  contact  with  water  exposed  to 

_  When  a  bit  of  charcoal  is  affixed  to  a  wire,  and  plun<red  with  a 
smgle  point  red-hot  into  a  jar  of  oxygen,  it  burns  Mdth  great  bril- 
liancy, throwing  off  beautiliil  scintillations,  until,  if  the  oxv^en  be 
in  excess,  it  is  completely  consumed.  An  iron  wive,  or,  still  better 
a  steel  watch-spring,  armed  at  its  extremity  with  a  bit  of  lio-hted 
amadou,  and  mtroduced  into  a  vessel  of  oxygen  gas,  exhibits  a  most 
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beautiful  phenomenon  of  combustion.  If  the  experiment  be  made 
in  a  jar  standing  on  a  pkte,  the  fused  globules  of  black  iron  oxide 
fix  themselves  in  the  glaze  of  the  latter,  after  falling  tlu-ough 
a  stratum  of  water  half  an  inch  in  depth.  Kindled  sulphur 
burns  with  great  beauty  in  oxygen;  and  phosphorus,  under 
similar  cii'cumstances,  exliibits  a  splendour  which  the  eye  is 
scarcely  able  to  support.  In  each  case  the  burning  body  enters 
into  combination  with  the  oxygen,  forming  a  compound  called  an 
oxide. 

When  a  body  bm-ns  in  oxygen  gas  the  same  ultimate  effect  is 
produced  as  in  atmospheric  aii-;  the  action  is,  however,  more 
energetic,  from  the  absence  of  the  gas  wliich,  in  the  air,  dilutes  the 
oxygen  and  enfeebles  its  chemical  powers.  The  process  of  respira- 
tion in  animals  is  an  effect  of  the  same  nature  as  common  combus- 
tion. The  blood  contains  substances  which  slowly  burn  by  the 
aid  of  the  oxygen  thus  introduced  into  the  system.  When  this 
action  ceases,  life  becomes  extinct. 

Ozone. — It  has  long  been  known  that  dry  oxygen,  or  atmospheric 
air,  when  exposed  to  the  action  of  a  series  of  electric  sparks,  emits 
a  peculiar  and  somewhat  metallic  odour.  The  same  odour  may  be 
imparted  to  moist  oxygen  by  allowing  phosphorus  to  remain  for 
some  time  in  it,  and  by  several  other  processes.  A  more  accurate 
examination  of  this  odorous  air  has  shown  that,  in  addition  to  the 
smell,  it  possesses  several  properties  not  exhibited  by  oxygen  iii  its 
ordinary  state.  One  of  its  most  characteristic  efiects  is  the  liberation 
of  iodine  from  potassium  iodide.  This  odorous  principle  has  been 
the  subject  of  many  researches,  in  particular  by  Schonbein,  of  Basle, 
who  proposed  for  it  the  name  of  ozone.* 

An  easy  method  of  exhibiting  the  production  of  ozone  is  to  trans- 
mit a  current  of  oxygen  through  a  tube  into  which  a  pair  of  platinum 
wires  is  sealed,  with  the  points  at  a  little  distance  apart ;  on  con- 
necting one  of  the  wires  with  the  prime  conductor  of  an  electrical 
machine  in  good  action,  and  the  other  with  the  ground,  the  charac- 
teristic odour  of  ozone  is  immediately  developed  in  the  issuing 
gas;  but,  notwithstanding  the  powerful  odour  thus  produced,  only 
a  small  portion  of  the  oxygen  undergoes  this  change.  Andrews  and 
Tait  have  shown  that,  to  obtain  the  maximum  of  ozone,  it  is  neces- 
sary to  transmit  the  discharge  silently,  between  very  fine  points ; 
if  sparks  are  allowed  to  pass,  a  considerable  portion  of  the  ozone  is 
reconverted  into  ordinary  oxygen  as  fast  as  it  is  formed.  Siemens 
prepares  ozone  by  induction :  he  forms  a  sort  of  Leyden  jar,  by 
coating  the  interior  of  a  long  tube  with  tin-foil,  and  passes  over 
this  tube  a  second  wider  tube  coated  with  tin-foil  on  its  outer  surface. 
Between  the  two  tubes  a  current  of  jjure  dry  oxygen  is  passed,  which 
becomes  electrified  by  induction,  on  connecting  the  inner  and  outer 
coating  with  the  terminal  wires  of  an  induction-coil ;  by  this  means 
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it  is  said  tliat  from  10  to  15  per  cent,  of  the  oxygen  may  be  converted' 
into  ozone. 

Ozone  may  also  be  obtained  in  several  ways,  without  the  aid 
of  electricity ;  thus  it  is  formed  in  small  quantity  when  a  stick 
of  phosphorus  is  suspended  in  a  bottle  tilled  with  moist  air; 
m  the  electrolytic  decomposition  of  water;  and  by  the  action  of 
strong  sulphmic  acid  on  potassium  permanganate.  There  has 
been  considerable  discussion  about  the  nature  and  composition 
of  ozone ;  but  the  most  trustworthy  experiments  seem  to  show 
that,  in  whatever  way  produced,  it  is  merely  a  modified  form  of 
oxygen. 

Ozone  is  insoluble  in  water  and  in  solutions  of  acids  or  alakalies. 
but  is  absorbed  by  a  solution  of  potassium  iodide.  Air  charged 
with  it  exerts  an  frritating  action  on  the  limgs.  Ozone  is  decom- 
posed by  heat,  gradually  at  100°,  instantly  at  290°.  It  is  an  ex- 
tremely powerful  oxidising  agent ;  possesses  strong  bleaching  and 
disinfecting  powers  ;  corrodes  cork,  caoutchouc,  and  other  organic 
substances ;  and  rapidly  oxidises  iron,  copper,  and  even  sUver  when 
moist,  as  well  as  dry  mercury  and  iodine.  It  is  remarkable  that 
the  absorption  of  ozone  by  these  and  other  agents  is  not  attended 
with  any  contraction  of  volume.  The  explanation  of  this  fact 
appears  to  be,  that  oxygen  when  ozonised  diminishes  in  volume 
(in  the  proportion  of  3  to  2,  according  to  Soret),  and  that  when 
the  ozone  is  decomposed  by  a  metal  or  other  substance,  one 
portion  of  it  enters  into  combination,  while  the  remainder,  which 
is  set  fxee  as  ordinary  oxygen,  occupies  the  same  bulk  as  the  ozone 
itself 

The  most  delicate  test  for  the  presence  of  ozone  in  any  gas  is 
afforded  by  a  strip  of  paper  moistened  •with  a  mixture  of  starch  and 
solution  of  potassium  iodide.  On  exposing  such  paper  to  the  action  of 
ozone,  the  potassium  iodine  is  decomposed,  its  potassium  combin- 
ing with  oxygen,  while  the  iodide  is  liberated,  and  forms  a  deep  blue 
compound  with  the  starch.  Now,  when  paper  thus  prepared  is 
exposed  to  the  open  air  for  five  or  ten  minutes,  it  often  acqufres  a 
blue  tint,  the  intensity  of  which  varies  on  different  days.  Hence 
it  is  supposed  that  ozone  is  present  in  the  air  in  variable  quantity. 
But  iodine  may  be  liberated  from  potassium  iodide  by  many  other 
agents,  especially  by  certain  oxides  of  nitrogen,  which  are  very 
Ukely  to  be  present  in  the  air  in  minute  quantities:  hence  the 
existence  of  ozone  in  the  air  cannot  be  proved  by  tlus  reaction 
alone. 

Houzeau  has,  however,  shown  that  a  solution  of  potassium  iodide 
exposed  to  the  air  in  the  open  country  becomes  alkaline;  an 
effect  which  cannot  be  attributed  to  nitrous  acid.  Moreover 
Andrews  finds  that  the  constituent  of  the  air  M'hich  separates 
iodine  from  potassium  iodide  is  destroyed  by  the  same  influences 
as  ozone,  viz.,  by  a  temperature  of  237°,  or  by  contact  vdth  man- 
ganese dioxide  and  other  peroxides.  The  presence  of  ozone  in  the 
air  can  therefore  no  longer  be  doubted. 
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Oxides. — General  Laws  of  Chemical  Combination. — 
Chemical  Nomenclature  and  Notation. — The  compoimds  formed 
hy  the  miion  of  oxygen  with  other  bodies  bear  the  general  name  of 
oxides ;  they  are  very  numerous  and  important.  They  are  conveniently 
divided  into  three  principal  groups  or  classes.  The  first  division 
contains  all  those  oxides  which  resemble  in  theu'  chemical  relations 
the  oxides  of  potassium,  sodium,  silver,  or  lead:  these  are  denominated 
alkaline  or  basic  oxides.  The  oxides  of  the  second  group 
have  properties  opposed  to  those  of  the  bodies  mentioned;  the 
oxides  of  sulphur  and  phosphorus  may  be  taken  as  typical  repre- 
sentatives of  the  class ;  they  are  called  acid  o  x  i  d  e  s,  and  are  capable 
of  uniting  with  the  basic  oxides,  and  forming  compounds  called 
salts.  Thus,  when  the  oxide  of  sulphur,  called  sulphmic  oxide,  is 
passed  in  the  state  of  vapour  over  heated  bariimi  oxide,  combination 
takes  place,  attended  with  vivid  incandescence,  and  a  salt  called 
barium  sulphate  is  produced,  containing  all  the  elements  of  the  two 
original  bodies,  namely,  barium,  sulphur,  and  oxygen. 

There  is  also  an  intermediate  group  of  oxides  called  neutral 
oxides,  from  their  slight  disposition  to  enter  into  combination. 
The  black  oxide  of  manganese,  already  mentioned,  is  an  excellent 
example.  It  must  not  be  supposed,  however,  that  the  three  groups 
of  oxides  just  mentioned  are  separated  from  each  other  by  decided 
lines  of  demarcation  ;  on  the  contrary,  they  blend  into  one  another 
by  imperceptible _,degrees,  and  the  same  oxide  may,  in  many  cases, 
exhibit  either  acid  or  basic  relations,  according  to  the  circumstances 
under  which  it  is  placed.  ... 

Among  salts  there  is  a  particular  group,  namely,  the  hydro- 
gen salts,  containing  the  elements  of  an  acid  oxide  and  water 
(hydrogen  oxide),  which  are  especially  distinguished  as  acids, 
because  many  of  them  possess  in  an  eminent  degree  the  properties 
to  which  the  term  acid  is  generally  applied,  such  as  a  sour  taste, 
corrosive  action,  solubility  in  water,  and  the  power  of  reddening 
certain  blue  vegetable  colours.  A  characteristic  property  of  these 
acids,  or  hydrogen  salts,  is  their  power  of  exchanging  theii-  hydrogen 
for  a  metal  presented  to  them  in  the  free  state,  or  in  the  form  of 
oxide.  Thus,  sulphuric  acid,  which  contains  sulphur,  oxygen,  and 
hydrogen,  readily  dissolves  metallic  zinc,  the  metal  taking  the  place 
of  the  hydrogen,  which  is  evolved  as  gas,  and  forming  a  salt  contain- 
ing sulphur,  oxygen,  and  zinc ;  in  fact,  a  tiinc  suljyhate,  produced 
from  a  hydrorjen  sulphate  by  substitution  of  zinc  for  hydrogen. 
The  same  substitution  and  formation  of  zinc  sulphate  take  place 
when  zinc  oxide  is  brought  into  contact  with  sulphuric  acid ;  but 
in  this  case  the  hydrogen,  instead  of  being  evolved  as  gas,  remains 
combined  with  the  oxygen  derived  from  the  zinc  oxide,  forming 
water. 

A  .series  of  oxides  containing  quantities  of  oxygen  in  the  propor- 
tion of  the  numbers  1,  2,  3,  united  with  a  constant  quantity  of 
another  element,  are  distinguished  as  monoxide,  dioxide,  and  trioxide 
respectively,  the  Greek  numerals  indicating  the  several  degrees  of 
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oxidation.  A  comiDouncl,  intermediate  between  a  monoxide  and  a 
dioxide  is  called  a  sesquioxide,  e.g. : — 

^,        .                  .  -  Chromium.  Oxygen. 

Chromium  monoxide,    ....  52-5    +  16 

Chromium  sesquioxide,         .       .       .  52-5    +  24 

Chromium  dioxide,       ....  52-5    +  32 

Chromium  trioxide,       ....  52-5    +  48 

When  a  metal  forms  two  basic  or  salifiable  oxides,  they  are 
distinguished  by  adjectival  terms,  ending  in  ous  for  the  lower,  and 
ic  for  the  higher  degree  of  oxidation,  e.g. : — 

Iron  monoxide,  or  Ferrous  oxide,    .       .       5Q    +  ^'^[g®"' 
Iron  sesquioxicle,  or  Ferric  oxide,     .       .       56    +  24 

The  salts  resulting  from  the  action  of  acids  on  these  oxides  are  also 
distinguished  as  ferrous  and  ferric  salts  respectively. 

Acid  oxides  of  the  same  element,  sulphur  for  example,  are  also 
distinguished  by  the  terminations  ous  and  ic,  applied  as  above; 
their  acids,  or  hydrogen  salts,  receive  corresponding  names;  and 
the  salts  formed  from  these  acids  are  distinguished  by  names  endiug 
in  ite  and  ate  respectively.  Thus,  for  the  oxides  and  salts  of 
sulphur  : — 


Hydrogen. 
+  2 

Lend. 

+  207 


HydroRen. 
+  2 
Lead. 
+  207 

The  acids  above  spoken  of  are  oxygen-acids  ;  and  formerly  it  was 
supposed  that  all  acids  contained  oxygen — that  element  bein<T,  in- 
deed, regarded  as  the  acidifying  principle  :  hence  its  name  (p.ll6). 
At  present,  however,  we  are  acquainted  with  many  bodies  which 
possess  all  the  characters  above  specified  as  belonging  to  an  acid,  and 
yet  do  not  contain  oxygen.  For  example,  hydi-ochloric  acid  (formerly 
called  muriatic  acid,  or  spirit  of  salt) — which  is  a  hydrogen  chloride 
or  compound  of  hydrogen  and  chlorme — is  intensely  som-  and  corro- 
sive ;  reddens  litmus  strongly ;  dissolves  zinc,  which  drives  out  the 
hydrogen  and  takes  its  place  in  combination  with  the  chlorine, 
forming  zinc  chloride  ;  and  dissolves  most  metallic  oxides,  exchang- 
ing its  hydrogen  for  the  metal,  and  forming  a  metallic  chloride  and 
water. 


Siilphui'ous  oxide, 

Sulphur. 
32 

+ 

Oxyfien. 
32 

Hydrogen  sidphite, 

or  Sulphurous  acid,  32 

+ 

48 

Lead  sulphite, 

32 

+ 

48 

Sulphuric  oxide, 

32 

+ 

48 

Hydrogen  sulphate, 

or  Sulphuric  acid,  32 

+ 

64 

Lead  sulphate 

32 

+ 

fe4 

OXYGEN. 


125 


Bromine,  iodiue,  and  flnorine,  also  form,  with,  hydrogen,  acid 
compounds  analogous  in  every  respect  to  hydjochloric  acid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphiu-,  sele- 
nium, phosphorus,  &c.,  with  hycbogen  and  metals,  are  grouped, 
lilve  the  ox}^gen-compound.s,  by  names  ending  in  ide  :  thus  we 
speak  of  zinc  chloride,  calcium  fluoride,  hydi-ogen  sulphide,  copper 
phosphide,  &c.  The  numerical  prefixes,  mono,  di,  tri,  &c.,  as  also 
the  terminations  ous  and  ic,  are  applied  to  these  compounds  in  the 
same  manner  as  to  the  oxides,  thus — 


Hydrogen 

Bromine. 

Hydrogen  bromide, 

1 

+ 

80 

Potassium. 

Sulphur. 

Potassium  monosulphide, 

.  78-2 

+ 

32 

Potassium  disulphide, 

.  78-2 

+ 

64 

Potassium  trisulphide,  . 

.  78-2 

+ 

96 

Potassium  tetrasulphide, 

.  78-2 

+ 

128 

Potassium  pentasulphide, 

.  78-2 

+ 

160 

Iron. 

Clilorine. 

Ferrous  chloride, 

.  56 

+ 

71 

Pen-ic  chloride. 

.  56 

+ 

105-5 

Tin. 

Sulphur. 

Stannous  sulphide,  . 

.  118 

+ 

64 

Stannic  sulphide,  . 

.  118 

+ 

128 

The  Latiu  prefixes  uni,  bi,  ter,  quadra,  &c.,  are  often  used  instead 
of  the  corresponding  Greek  prefixes ;  there  is  no  very  exact  rule 
respectiag  theii-  use  ;  but,  generally  speaking,  it  is  best  to  employ 
a  Greek  or  Latin  prefix,  according  as  the  word  before  which  it  is 

S laced  is  of  Greek  or  Latiu  origin.    Thus,  dioxide  corresponds  with 
isulphide ;  on  the  whole,  however,  the  Greek  prefixes  are  most 
generally  employed. 

The  composition  of  these  oxides  and  suljDhides  affords  an  illustra- 
tion of  a  law  which  holds  good  in.  a  large  number  of  instances  of 
chemical  combination,  viz.,  that  when  two  bodies,  A  and  B,  are 
capable  of  uniting  in  several  proportions,  the  several  quantities  of  B 
which  combine  loith  a  given  or  constant  quantity  of  A  stand  to  one 
another  in  very  simple  ratios.  Thus,  the  several  quantities  of  sulphur 
which  unite  with  a  given  quantity  (78-2  parts)  of  potassium  are  to 
one  another  as  the  numbers 

1,  2,  3,  4,  5; 

and  the  quantities  of  oxygen  which  unite  with  a  given  qiiantity  of 
chromium  are  as  the  numbers. 

1.  ^,  2,  3, 

or  2,  3,  4,  6. 

It  must  be  especially  observed  that  no  compounds  are  known 
intermediate  in  composition  between  those  which  are  represented  by 
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these  numbers.  There  is  no  oxide  of  chromium  containing  1|-  or 
If  or  2§  times  as  much  oxygen  as  the  lowest ;  no  sulphide  of 
potassium  the  quantity  of  sulphur  in  which  is  expressed  by  any 
fractional  multiple  of  the  lowest.  The  quantities  of  the  one  element 
which  can  unite  with  a  constant  quantity  of  the  other,  increase,  not 
continuously,  but  by  successive  and  weU-defined  steps  or  increments, 
standuig  to  one  another,  for  the  most  part,  in  simple  numerical 
ratios. 

This  is  called  the  "Law  of  Multiples."  The  observation  of  it 
has  led  to  the  idea  that  the  elementary  bodies  are  composed  of  ulti- 
mate or  indivisible  particles  or  atoms,  each  ha\nng  a  constant  weight 
peculiar  to  itself  (the  atomic  weights  given  in  the  table  on  page  3) 
and  that  combination  between  two  elements  takes  place  by  the 
juxtaposition  of  these  atoms.  A  collection  of  elementary  atoms 
ujiited  together  to  form  a  compound  constitutes  a  molecule,  the 
weight  of  which  is  equal  to  the  sum  of  the  weights  of  its  component 
atoms.  Thus  an  atom  of  chlorine  weighing  35-5  unites  with  an 
atom  of  hydi'ogen  weighing  1,  to  form  a  molecule  of  hydrogen- 
chloride  weighing  36-5.  An  atom  of  oxygen  weighing  16  imites 
with  2  atoms  of  hydrogen,  each  weighing  1,  to  form  a  molecule  of 
water,  weighing  16  +  2  .  1  =  18.  An  atom  of  oxygen,  weighing  16, 
unites  with  an  atom  of  lead,  weighing  207,  to  form  a  molecule  of  lead 
oxide,  weighing  223.  Two  atoms  of  potassium,  each  weighing  39-1, 
■unite  with  1,  2,  3,  4,  and  5  atoms  of  sulphiu-,  each  weighing  32,  to 
form  the  several  sulphides  enumerated  on  page  12Ci*' 

These  combinations  are  represented  symbolically  by  the  juxtaposi- 
tion of  the  symbols  of  the  elementary  atoms  given  in  the  table 
abeady  referred  to  ;  thus  the  molecule  of  hydi-ogen  chloride,  com- 
posed of  1  atom  of  hydi-ogen  and  1  atom  of  chlorine,  is  represented 
by  the  symbol  or  formula  HCl ;  that  of  water  (2  atoms  of  hycbogen 
and  1  atom  of  oxygen),  by  HHO,  or  more  shortly  HjO.  In  like 
manner  the  different  oxides  and  sulphides,  acids  and  salts  above 
enumerated,  are  represented  symbolically  as  follows  : — 

Chromium  monoxide,   .       .  .  CrO 

Cliromium  sesquioxide,        .  .  CrCrOOO  or  CrjOg 

Cliromium  dioxide,      .       .  .  CrOO       or  Cr  0^ 

Clu'omium  trioxide,      .       .  .  CrOOO     or  Cr  O3 

Sulphurous  oxide,        .       .  .  SOO         or  SOj 
Hydi'ogen  sulphite  or  Sulphurous 

acid,  ■  .  SOOOHH  or  SO3  H, 

Lead  sulphite,      ....  SOOOPb  or  SO3  Pb 

Potassium  monosulphide,     .  .  KKS        or  K.,S 

Potassium  disulphide,  .       .  .  KKSS      or  K.^  Sj 

Potassium  trisulphide,  .       .  .  KKSSS    or  K2  S3 

Potassium  tetrasulphide,      .  .  KKSSSS  or  S^ 

Potassium  pentasulphide,     .  .  KKSSSSS  or  Ko  Sj 

A  group  of  two  or  more  atoms  of  the  same  element  is  denoted  by 
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placing  a  numeral  either  before  the  symbol,  or,  as  in  the  preceding 
examples,  a  small  nmneral  to  the  right  of  the  symbol,  and  either 
above  or  below  the  line ;  thus  000  may  be  abbreviated  into 
30,  or  03,  or  O3. 

The  multiplication  of  a  oroup  of  dissimilar  atoms  is  denoted  by 
placing'  a  numeral  to  the  left  of  the  group  of  symbols,  or  by  enclosing 
them  in  brackets,  and  placing  a  small  numeral  to  the  right :  thus, 
3HC1  or  (HC1)3  denotes  3  molecules  of  hycbogen  chloride  ;  2H2SO4 
denotes  2  molecules  of  hydrogen  sulphate. 

The  combination  of  two  groups  or  molecules  is  denoted  by  placing 
theii'  symbols  in  juxtaposition,  with  a  dot  between  them  :  thus 
ZuO.SOa  denotes  a  compound  of  zinc  oxide  with  sulphur  trioxide  ; 
K2O.H2O,  a  compoimd  of  potassium  oxide  with  hydrogen  oxide  or 
water.  Sometimes  a  comma  or  the  sign  +  is  used  instead  of  the  dot. 
To  express  the  midtiplication  of  such  a  group,  the  whole  is  enclosed 
in  brackets,  and  a  numeral  placed  on  the  left ;  e.g.  2(ZnO.S03)  '> 
3(K20.H20),  &c.  If  the  brackets  were  omitted,  the  numeral  would 
affect  only  the  symbols  to  the  left  of  the  dot ;  thus  SKgO.HjO 
signifies  3  potassium  oxide  and  1  water,  not  3  potassium  oxide  and 
3  water.* 

Eqxiivalents. — It  has  been  already  stated  that  elements  can  replace 
one  another  in  combination  ;  thus,  when  hydrogen  chloride  is  placed 
in  contact  with  zinc,  the  zinc  dissolves  and  enters  into  combination 
with  the  chlorine,  while  a  quantity  of  hydrogen  is  evolved  as  gas. 
Now  this  substitution  of  zinc  for  hydi-ogen  always  takes  place  in 
definite  proportion  by  weight,  32-6  parts  of  zinc  being  dissolved  for 
every  1  part  of  hydrogen  expelled.  In  like  manner  when  potassium 
is  thrown  into  water,  hydrogen  is  evolved  and  the  potassium  dis- 
solves, 39-1  parts  of  the  metal  dissolving  for  every  1  part  of  hydrogen 
given  off.  Again,  if  silver  be  dissolved  in  nitric  acid,  and  metallit 
mercury  immersed  in  the  solution,  the  mercury  will  be  dissolved  and 
will  displace  the  silver,  which  wiU  be  separated  in  the  metallic 
state  ;  and  for  every  100  parts  of  mercury  dissolved  108  parts  of 
silver  will  be  thi-own  down.  In  like  manner  copper  will  displace 
the  mercury  in  the  proportion  of  31-75  parts  of  copper  to  100  of 
mercury,  and  iron  will  displace  the  copper  in  the  proportion  of  28 
parts  of  iron  to  31-75  parts  of  copper. 

These  are  particular  cases  ol  the  general  law,  that,  when  one 
element  takes  the  place  of  another  in  combination,  the  substitution  or 
replacem,ent  always  takes  place  in  fixed  or  definite  proportions.  The 
relative  quantities  of  different  elements  which  thus  replace  one 
another,  are  called  chemical  equivalents  or  equivalent 
numbers ;  they  are  cither  identical  with  the  atomic  weights,  or 
simple  multiples,  or  sul)multiples  of  them.  For  example,  in  the 
substitution  of  potassium  for  hydrogen,  and  of  copper  for  merciu-y, 
and  of  iron  for  copper,  the  ecpiivalents  are  to  one  another  in  the 

*Tlio  neglect  of  this  distinction  often  leads  to  considerable  confusion  in 
chemical  notation. 
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same  proportion  as  the  atomic  weights,  as  may  he  seen  hy  comparing 
the  numbers  just  given  with  those  in  the  table  on  page  3.  In  the 
substitution  of  zinc  for  hycbogen,  on  the  other  hand,  the  quantity 
of  ziiic  which  takes  the  place  of  1  part  of  hydrogen  is  only  half 
the  atomic  weight;  similarly  in  the  substitution  of  mercmy  for 
silver. 

All  chemical  reactions  consist  either  ia  the  direct  addition 
or  separation  of  elements,  or  ia  substitutions  like  those  just 
noticed,  the  latter  beiag  by  far  the  most  frequent  form  of  chemical 
change. 

Chemical  Equations. — Chemical  reactions  may  be  represented 
symbolically  in  the  form  of  equations,  the  symbols  of  the  reacting 
substances  being  placed  on  the  left  hand,  and  those  of  the  new  sub- 
stances resulting  from  the  change,  on  the  right :  for  example — 

1.  Resolution  of  mercui'ic  oxide  by  heat  into  mercury  and  oxygen — 

HgO  =  Hg  +  0 

2.  Eesolution  of  manganese  dioxide  by  heat  into  maganoso- 
manganic  oxide  and  oxygen — 

SMnOg  =  Mn304  +  0^ 

3.  Action  of  zinc  on  hydrogen  chloride,  producing  zinc  chloride 
and  free  hydrogen — 

2HC1  +  Zn  =  ZnClg  +  H2 

4.  Action  of  zinc  on  hydrogen  sulphate,  producing  zinc  sulphate 
and  hydrogen — 

H2SO4  +  Zn  =  ZnSOi  +  H2 

5.  Action  of  zinc  oxide  on  hydrogen  chloride  or  sulphate,  pro- 
duciag zinc  chloride  or  sulphate  and  water — 

2HC1  +  ZnO  =  ZnCIg  -1-  HgO, 

and 

H2SO4  +  ZnO  =  ZnSO^  +  H2O . 

It  need  scarcely  be  observed  that  the  test  of  correctness  of  such 
an  equation  is,  that  the  number  of  atoms  of  the  elements  on  one 
side  shoiild  be  equal  to  the  number  of  atoms  of  the  same  element 
on  the  other  side 

Any  such  symbolical  equation  may  be  converted  into  a  nimierical 
equation,  by  substituting  for  each  of  the  chemical  symbols  its 
numerical  value  from  the  table  of  atomic  weights. 

The  laws  of  chemical  action  and  theu-  expression  by  symbols  and 
equations  will  receive  abundant  illustration  in  the  special  descrip- 
tions which  follow  ;  then  general  consideration  will  also  be  more 
fully  developed  ia  a  subsequent  part  of  the  work. 
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Fig,  82. 


Atomic  weight,  1 ;  symbol,  H. 

Hydrogen  may  be  obtained  for  experimental  purposes  by  de- 
oxidising  water,  of  which  it  forms  a  characteristic  component* 

If  a  tube  of  ii-on  or  porcekin,  containing  a  quantity  of  filings  or 
tm'ninti-s  of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion 
be  made  red-hot,  and  then  the  vapour  of  water  passed  over  the 
heated  metal,  a  large  quantity  of  permanent  gas  wiU  be  disengaged 
fi-om  the  tube,  and  the  iron  will  be  converted  into  oxide,  and 
acquire  an  increase  in  weight.  The  gas  is 
hydrogen  ;  it  may  be  collected  over  water  and 
examined. 

Hydrogen  is,  however,  more  easily  obtained 
by  decomposing  hydrochloric  or  dilute  sul- 
phimc  acid  ^vith  zinc,  the  metal  then  dis- 
placing the  hydrogen  in  the  manner  already 
explained  (p  128). 

The  simplest  method  of  preparing  the  gas 
is  the  following  : — A  wide-necked  bottle  is 
chosen,  and  fitted  with  a  sound  cork,  per- 
forated by  two  holes  for  the  reception  of  a 
small  tube-  funnel  reaching  nearly  to  the  bot- 
tom of  the  bottle,  and  a  piece  of  bent  glass  t 
tube  to  convey  away  the  disengaged  gas. 
Granulated  zinc,  or  scrftps  of  the  malleable 
metal,  are  put  into  the  bottle,  together  with  a  little  water,  and 
sul]ihuric  acid  slowly  added  by  the  funnel,  the  point  of  which 
should  dip  into  the  licjuid.  The  evolution  of  gas  is  easily  regu- 
lated by  the  supply  of  acid  ;  and  when  enough  has  been  discharged 
to  expel  the  air  of  the  vessel,  it  may  Ije  collected  over  water  in  a 
jar,  or  passed  into  a  gas-holder.  In  the  absence  of  zinc,  filings  of 
iron  or  small  nails  may  be  used,  but  with  less  advantage. 

Hydrogen  is  colourless,  tasteless,  and  inodorous  when  quite  pure. 


*  Hence  the  name,  from  uSiap,  water,  and  ycy. 

+  A  little  xii'ictice  will  soon  enable  the  pupil  to  construct  and  aiTange  a 
variety  of  usef\il  forms  of  apparatus,  iu  which  bottles,  nnd  other  articles 
always  at  hand,  are  made  to  supersede  more  costly  instruments.  Glass 
tuV)e,  purchased  by  weiglit  of  the  maker,  may  be  cut  by  scratching  with  a 
file,  and  then  applying  a  little  force  with  both  hands.  It  may  be  softened 
and  bent,  when  of  small  dimensions,  by  the  tiame  of  a  spirit-lamp,  or  a 
candle,  or,  better,  Ijy  a  gas  jet.  Corks  may  be  jierforated  by  a  heated  wire, 
and  the  hole  rendered  smooth  and  cylindrical  by  a  rouud  file ;  '  or  the  ingenious 
cork-borer  of  Dr.  Motir,  now  to  be  had  of  all  instniment  uuikers,  may  be  used 
instead.  Lastly,  in  the  event  of  bad  fitting,  or  unsoundness  in  the  cork  itself, 
a  little  yellow  wax  melted  over  the  surface,  or  even  a  little  grease  applied 
with  the  finger,  renders  it  sound  and  air-tight,  when  not  e.\posed  to  heat. 

FOWNES. — VOL.  I.  I 
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To  obtain  it  in  this  condition,  it  must  be  prepared  from  the  purest 
zinc  that  can  be  obtained,  and  passed  in  succession  thi'ougli  solutions 
of  potash  and  silver  nitrate.  When  prepared  fr'om  commercial  zinc, 
it  has  a  slight  smell,  which  is  due  to  impurity,  and  when  u-on  has 
been  used,  the  odour  is  very  strong  and  disagreeable.  .  It  is 
inflammable,  and  burns,  when  kindled,  -with  a  pale  yellowdsh  flame, 
evolymg  much  heat,  but  very  little  light.  The  product  of  the  com- 
bustion is  water.  Hydrogen  is  even  less  soluble  in  water  than 
oxygen,  and  has  never  been  liquefied.  Although  desti- 
Fig.  83.  tute  of  poisonous  properties,  it  is  incapable  of  sustain- 
ing life. 

Hydrogen  is  the  lightest  substance  known ;  Dumas 
and  Boussingault  jjlace  its  density  between  0'0691  and 
0-0695,  referred  to  that  of  air  as  unity.  The  weight  of 
a  litre  of  hydrogen  at  0°  C,  and  under  a  barometric 
pressm'e  of  0'760  meter,  is  0'8961  gram  :  consequently  a 
gram  of  hydrogen  occupies  a  space  of  11'15947  liters.* 
At  15'5°  C.  (60°  F.)  and  30  inches  barometric  pressure, 
100  cubic  inches  weigh  2"14  grains. 

When  a  gas  is  much  lighter  or  much  heavier  than 
atmospheric  air,  it  may  often  be  collected  and  examined 
without  the  aid  of  the  pneumatic  trough.  A  bottle  or 
narrow  jar  may  be  filled  with  hydrogen  without  much 
admixture  of  air,  by  inverting  it  over  the  extremity 
of  an  upright  tube  delivering  the  gas.  In  a  short  time, 
if  the  supply  be  copious,  the  afr  will  be  wholly  displaced,  and  the 
vessel  filled.  It  may  now  be  removed,  the  vertical  position  being 
carefully  retained,  and  closed  by  a  stopper  or  a  glass  plate.  If 
the  mouth  of  the  jar  be  wide,  it  must  be  partially  closed  by  a  piece 
of  cardboard  dm-ing  the  operation.  This  method  of  collecting  gases 
by  displacement  is  often  extremely  useful. 

Hydrogen  was  formerly  used  for  filling  au'-balloons,  being  made 
for  the  purpose  on  the  spot  from  zinc  or  iron  and  dilute  sulphuric 
acid.  Its  use  is  now  superseded  by  that  of  coal-gas,  which  may  be 
made  very  light  by  employing  a  high  temperatm-e  in  the  maniifac- 
ture.  Although  far  inferior  to  pm'e  hydrogen  in  buoyant  power,  it 
is  found  in  practice  to  possess  advantages  over  that  substance,  while 
its  greater  density  is  easily  compensated  by  increasing  the  size  of  the 
balloon. 

Diffusion  of  Gases. — There  is  a  very  remarkable  property  possessed 
by  gases  and  vaj)om-s  in  general,  which  is  seen  in  a  high  degree  of 
intensity  in  the  case  of  hydrogen  ;  this  is  what  is  called  diffusive 
power.  If  two  bottles  containing  gases  which  do  not  act  chemically 
upon  each  other  at  common  temperatures  be  connected  by  a  narrow 
tube  and  left  for  some  time,  the  gases  wiU  be  foimd,  at  the  expiration 
of  a  certain  time,  depending  much  upon  the  narrowness  of  the  tube 


*  As  a  near  approximation,  it  may  be  remembered  that  a  liter  of  hydrogen 
weighs  0-09  gram,  or  9  centigrams,  and  a  gram  of  hydrogen  occupies  11-2  liters. 
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and  its  length,  uniformly  mixed,  even  though  they  differ  greatly  in 
density,  and  the  system  has  beeh  arranged  in  a  vertical  position, 
with  the  heavier  gas  downwards.  Oxygen  and  hydrogen  can  thus 
be  made  to  mix,  m  a  few  hours,  against  the  action  oi'  gravity,  through 
a  tube  a  yard  in  length,  aiid  not  more  than  one  quarter  of  an  inch  in 
diameter  :  and  the  same  is  true  of  all  other  gases  which  are  destitute 
of  du'ect  action  upon  eacli  other. 

If  a  vessel  be  divided  iirto  two  portions  by  a  diaphragm  or  partition 
of  porous  earthenware  or  dry  plaster  of  Paris,  and  each  half  filled 
with  a  different  gas,  diffusion  will  immediately  commence  tlirough 
the  pores  of  the  dividing  substance,  and  will  continue  until  perfect 
mixtiu-e  has  taken  place.  All  gases,  however,  do  not  permeate  the 
same  porous  body,  or,  in  other  words,  do  not  pass  tlirough  narrow 
orifices,  with  the  same  degree  of  facility.  Graham,  to  whom  we 
are  indebted  for  a  very  valuable  investigation  of  this  interesting 
subject,  established  the  existence  of  a  very  simple  relation  between 
the  rapidity  of  diffusion  and  the  density  of  the  gas,  which  is 
expressed  by  saying  that  the  diffusive  power  varies  inversely  as 
the  square  root  of  the  density  of  the  gas  itself.  Thus,  in  the  experi- 
ment supposed,  if  one-haK  of  the  vessel  be  filled  with  hydrogen 
and  the  other  half  with  oxygen,  the  two  gases  will  penetrate  the 
diaphragm  at  very  difterent  rates ;  foiu-  cubic  inches  of  hydi'ogen 
will  pass  into  the  oxygen  side,  while  one  cubic  iach  of  oxygen 
ti'avels  in  the  opposite  direction.  The  densities  of  the  two  gases 
are  to  each  other  ia  the  proportion  of  1  to  16  ;  their  relative  rates 
of  diffusion  are  inversely  as  the  square  roots  of  these  numbers,  i.e., 
as  4  to  1. 

In  order,  however,  that  this  law  may  be  accurately  observed,  it  is 
necessary  that  the  porous  plate  be  very  thin  ;  with  plates  of  stucco 
an  inch  thick  or  more,  which  reaUy  consist  of  a  congeries  of  long 
capillary  tulles,  a  different  law  of  diffusion  is  observed.*  An 
excellent  material  for  diffusion  experiments  is  the  artificially  com- 
pressed graphite  of  Mr.  Brockedon,  of  the  quality^  used  for  making 
writing  pencils.  It  may  be  reduced  by  cutting  and  gxiading  to  the 
thickness  of  a  wafer,  but  still  retains  considerable  tenacity.  The 
pores  of  this  substance  appear  to  be  so  small  as  entirely  to  prevent 
the  tran.smission  of  gases  in  mass,  so  that,  to  use  the  language  of  Mr 
Graham,  it  acts  like  a  molecular  sieve,  allowing  only  molecules  to 
pass  through. 

The  simplest  and  most  striking  method  of  exhibiting  the  pheno- 
menon of  diffusion  is  by  the  use  of  Graham's  diffusion-tube.  This 
is  merely  a  piece  of  wide  glass  tube  ten  or  twelve  inches  long,  hav- 
ing one  of  its  extremities  closed  by  a  plate  of  plaster  of  Paris  about 
half  an  inch  thick,  and  well  dried.  When  the  tube  is  filled  by 
displacement  with  hydrogen,  and  then  set  upright  in  a  glass  of 
water,  the  level  of  the  liquid  rises  in  the  tube  bo  rapidly,  that 

••  oo?^  BuBsen's  Gasometry,  p.  203  ;  Graham's  Elements  of  Chemistry,  2cl  ed. 
11.  624;  Watts's  Dictionary  of  Chemistry,  ii.  815. 
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its  movement  is  apparent  to  the  eye,  and  speedily  attains  a 
height  of  several  inches  above  the  water  in  the  glass.    The  gas 
is  actually  rarefied  by  its  superior  diffusive  power  over 
Fig.  84        that  of  the  external  air. 

It  is  inipossiljle  to  over-estimate  the  importance  in 
the  economy  of  Natiu-e  of  this  very  curious  law 
aflecthig  the  constitution  of  gaseous  bodies  :  it  is 
the  'prmcijsal  means  by  which  the  atmosphere  is 
preserved  in  a  uniform  state,  and  the  accumulation 
of  poisonous  gases  and  exhalations  in  townas  and  other 
confined  localities  prevented. 

A  partial  separation  of  gases  and  vapours  of  un- 
equal diftusibility  may  be  effected  by  allowdng  the 
mixtm-e  to  permeate  through  a  plate  of  graphite  or 
porous  earthenware  into  a  vacuum.  This  eft'ect, 
called  atmolysis,  is  best  exhibited  by  means  of  an 
instrument  called  the  tube  atviolyser.  This  is  simply  a 
narrow  tube  of  unglazed  earthenware,  such  as  a 
tobacco-pipe  stem,  two  feet  long,  M^hich  is  placed  mthin 
a  shorter  tube  of  glass,  and  secured  in  its  position  by 
corks.  The  glass  tube  is  connected  with  an  air-pump,  and  the 
annular  space  between  the  two  tubes  is  made  as  nearly  vacuous  as 
possible.  Ail-  or  other  mixed  gas  is  then  allowed  to  flow  along  the 
clay  tube  in  a  slow  stream,  and  collected  as  it  issues.  The  gas  or 
air  atmolysed  is,  of  course,  reduced  in  volume,  much  gas  penetrating 
through  the  pores  of  the  clay  tube  into  the  aii-pump  vacuum,  and 
the  lighter  gas  diffusing  the  more  rapidly,  so  that  the  proportion  of 
the  denser  constituent  is  increased  in  the  gas  collected.  In  one 
experiment,  the  proportion  of  oxygen  in  the  air,  after  traversing  the 
atmolyser,  was  increased  from  20-8  per  cent.,  which  is  the  normal 
proportion,  to  24-5  per  cent.  With  a  mixture  of  oxygen  and 
hydrogen,  the  separation  is,  of  coirrse,  stiU  more  considerable. 

A  distinction  must  be  carefully  drawn  between  real  difliision 
through  small  apertures,  and  the  apparently  similar  passage  of  gases 
through  membranous  diaphragms,  such  as  caoutchouc,  bladder,  gold- 
beaters' skin,  &c.  In  this  mode  of  passage,  which  is  called  osmose, 
the  rate  of  interchange  depends  partly  on  the  relative  difiusibiHties 
of  the  gases,  partly  on  the  different  degrees  of  adhesion  exerted  by 
the_  membrane  on  the  different  gases,  by  vii-tue  of  wliich  the  gas 
which  adheres  most  powerfully  penetrates  the  diaphi-agm  most 
easily,  and,  attaining  the  opposite  surface,  mixes  with  the  other.  A 
sheet  of  caoutchouc  tied  over  the  mouth  of  a  wide-mouthed  bottle 
filled  with  hydrogen,  is  soon  pressed  inwards,  even  to  bursting.  If 
the  bottle  be  filled  with  aii',  and  placed  in  an  atmosphere  of 
hydrogen,  the  swelling  and  bm-sting  takes  place  outM^ards.  If  the 
membrane  is  moist,  the  result  is  like^\^se  aft'ected  by  the  different 
solubilities  of  the  gases  in  the  water  or  other  liquid  "which  wets  it. 
For  example,  the  diftiisive  power  of  cai'bonic  acid  into  atmospheric 
air  is  very  small,  but  it  passes  into  the  latter  tlu-ough  a  wet  bladder 
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with  the  utmost  ease,  in  ^nvt\\e  of  its  solubility  in  the  water  with 
which  the  membrane  is  moistened.  It  is  by  such  a  process  that 
the  function  of  respu'ation  is  performed:  the  aeration  of  the 
blood  in  the  Imigs,  and  the  disengagement  of  tire  carbonic  acid, 
ai'e  effected  through  wet  membranes ;  the  blood  is  never  brought 
iato  actual  contact  with  the  aii-,  but  receives  its  supply  of  oxygen, 
and  disembarrasses  itseK  of  carbonic  acid,  by  this  kind  of  spmious 
diffusion. 

The  high  diflusive  power  of  hydrogen  against  air  renders  it 
impossible  to  retain  that  gas  for  any  length  of  time  in  a  bladder  or 
caoutchouc  bag  :  it  is  even  rmsafe  to  keep  it  long  in  a  gas-holder, 
lest  it  should  become  mixed  with  air  by  slight  accidental  leakage, 
and  rendered  explosive. 

The  passage  of  gases  tkrough  membranes  like  caoutchouc  or 
varnished  silk,  as  well  as  through  wet  membranes  like  bladder, 
appears  to  depend  upon  an  actual  liquefaction  of  the  gases,  which 
then  become  capable  of  penetrating  the  substance  of  the  membrane 
(as  ether  and  naphtha  do),  and  may  again  evaporate  on  the  surface 
and  appear  as  gases.  The  miequal  absorption  of  gases  in  this 
manner  often  effects  a  much  more  complete  separation  of  the  com- 
ponents of  a  gaseous  mixtui-e  than  can  be  attained  by  the  atmolytic 
method  above  described.  Thus,  Graham  has  shown  that  oxygen  is 
absorbed  and  condensed  by  caoutchouc  two-and-a-half  times  more 
abundantly  than  nitrogen,  and  that  when  one  side  of  a  caoutchouc 
film  is  freely  exposed  to  the  air,  while  a  vacuum  is  produced  on  the 
other  side,  the  film  allows  41-6  per  cent,  of  oxygen  to  pass  thi'ough, 
instead  of  the  21  per  cent,  usually  present  in  the  air,  so  that  the  ah- 
which  passes  thi'ough  is  capable  of  rekindling  wood  burning  with- 
out flame. 

Even  metals  appear  to  possess  this  power  of  absorbing  and 
liquefying  gases.  Deville  and  Troost  have  observed  the  remarkable 
fact  that  hydrogen  gas  is  capable  of  penetratuig  platinum  and  iron 
tubes,  at  a  red  heat,  and  Graham  is  of  opinion  that  tliis  effect  may 
be  connected  with  a  power  resident  in  these  and  certain  other  metals 
to  absorb  and  liquefy  hydrogen,  possibly  in  its  character  as  a  metallic  , 
vapour.  Platinum  in  the  form  of  wii-e  or  plate,  at  a  low  red  heat, 
can  take  up  3'8  volumes  of  hydrogen  measured  cold,  and  palladium 
foil  condenses  as  much  a.s  643  times  its  volume  of  hydrogen  at  a 
temperature  below  100°  C.  In  the  form  of  sponge,  platinum  absorbed 
1'48  times  its  volume  of  hydrogen,  and  palladium  90  volumes.  This 
absorption  of  gases  by  metals  is  called  occlusion.* 

The  meteoric  iron  of  Lenarto  contains  a  considerable  quantity  of 
occluded  hydrogen.  When  placed  in  a  good  vacuum,  it  yields  2'85 
times  its  V(jlume  of  gas,  of  which  85'C8  per  cent,  consist  of  hydrogen, 
with  4-46  carbon  monoxide  and  9-86  nitrogen.  Now,  hydrogen  has 
been  recognised  by  spectrum  analysis  in  the  light  of  the  fixed  stars, 
and  constitutes,  according  to  the  observations  of  Father  Secchi,  the 

*  G  raliam,  Phil.  Trans.  1866  ;  Journal  of  the  Chemical  Society  [2],  v.  235. 
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princiijal  element  in  the  atmosphere  of  a  numerous  class  of  stars. 
"  The  iron  of  Lenarto,"  says  Mr.  Graham,  "  has,  no  doubt,  come  from 
such  an  atmosphere,  in  which  hydrogen  greatly  prevailed.  This 
meteorite  may  be  looked  upon  as  holding  imprisoned  witliin  it,  and 
bringing  to  us,  the  hydrogen  of  the  stars."* 

The  rates  of  effusion  of  gases,  that  is  to  say,  theii-  rates  of  passage 
through  a  minute  aperture  in  a  thin  plate  of  metal  or  other  substance 
into  a  vacuum,  follow  the  same  law  as  their  rates  of  difiiision,  that 
is  to  say,  they  are  inversely  as  the  square  roots  of  the  densities  of  the 
gases.  _  Nevertheless,  the  phenomena  of  diffusion  and  effusion  are 
essentially  different  in  theii-  natiu-e,  the  effusive  movement  affecting 
masses  of  a  gas,  whereas  the  diffusive  movement  affects  only 
molecules  ;  and  a  gas  is  usually  carried  by  the  former  kind  of  impulse 
with  a  velocity  many  thousand  times  greater  than  by  the  latter. 
Mixed  gases  are  effused  at  the  same  rates  as  one  gas  of  the  actual 
density  of  the  mixture  :  and  no  separation  of  the  gases  occurs,  as  in 
diffusion  into  a  vacuum. 

The  law  of  effusion  just  stated  is  true  only  under  the  condition 
that  the  gas  shall  pass  through  a  nunute  apertm-e  in  a  very  thin 
plate.  _  If  the  plate  be  thicker,  so  that  the  aperture  becomes  a  tube, 
very  different  rates  of  efflux  are  observed  ;  and  when  the  capiUary 
tube  becomes  considerably  elongated,  so  that  its  length  exceeds  its 
diameter  at  least  400  times,  the  rates  of  flow  of  different  gases  into  a 
vacuum  again  assume  a  constant  ratio  to  each  other,  following, 
however,  a  law  totally  distinct  fi'om  that  of  effusion.  The  principal 
general  results  observed  with  relation  to  this  phenomenon  of 
"  Capillary  Transpu-ation"  are  as  follows  : — 

1.  The  rate  of  transpiration  of  the  same  gas  increases,  cmteris -parihis 
directly  as  the  pressure  :  in  other  words,  equal  volumes  of  gas  at 
different  densities  require  times  inversely  proportional  to  their 
densities.  2.  With  tubes  of  equal  diameter,  the  volume  ti-anspii-ed 
in  equal  times  is  inversely  as  the  length  of  the  tube.  3.  As  the 
temperature  rises,  the  transpiration  of  equal  volumes  becomes  slower. 
4.  The  rates  of  transpiration  of  different  gases  bear  a  constant 
relation  to  each  other,  totally  independent  of  theii'  densities,  or, 
indeed,  of  any  known  property  of  the  gases.  Equal  weights  of 
oxygen,  nitrogen,  and  carbon  monoxide  are  transpired  in  equal 
tunes  ;  so  likewise  are  equal  weights  of  nitrogen,  nitrogen  dioxide, 
and  carbon  monoxide  ;  and  of  hydrogen  chloride,  cai-bon  dioxide, 
and  nitrogen  monoxide.t 


COMBINATION  OF  HYDROGEN  WITH  OXYGEN. 

It  has  been  ali-eady  stated,  that  although  the  light  emitted  by  the- 
flame  of  pui-e  hydrogen  is  exceedingly  feeble,  yet  the  temperature 

*  Proceedings  of  the  Eoyal  Society,  xv.  502. 

tGraliam,  Phil.  Trans.  1846,  p.  591,  and  1849,  p-  349;  also  Elements  of 
Chemistry,  2d  ed.  i.  82. 
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of  the  flame  is  very  higli.  The  temijerature  may  be  still  further 
exalted  by  previously  mixiug  the  hydrogen  -with  as  much  oxygen  as 
it  requii'es  for  combination,  that  is,  as  will  presently  be  seen,  with 
half  its  volume.  Such  a  mixture  bimis,  like  gunpowder,  indepen- 
dently of  the  external  aii-.  When  raised  to  the  temperatm-e  required 
for  combination,  the  two  gases  unite  with  explosive  violence.  If  a 
sti'ong  bottle,  holding  not  more  than  half  a  pint,  lie  filled  with  such 
a  mixtm-e,  the  introduction  of  a  lighted  match  or  red  hot  wire 
determines  in  a  moment  the  union  of  the  gases.  By  certain 
precautions,  a  mixture  of  oxygen  and  hydrogen  can  be  biu-ned  at  a 
jet  without  communication  of  tire  to  the  contents  of  the  vessel ;  the 
flame  is  in  this  case  solid. 

A  little  consideration  will  show,  that  all  ordinary  flames  burning 
in  the  air  or  in  pure  oxygen  are,  of  necessity,  hollow.  The  act  of 
combustion  is  nothing  more  than  the  energetic  union  of  the  substance 
burned  With  the  siuToimding  oxygen  ;  and  this  union  can  take  place 
only  at  the  siu'face  of  the  biu'ning  body.  Such  is  not  the  case,  how- 
ever, with  the  flame  now  under  consideration  ;  the  combustible  and 
the  oxygen  are  abeady  mixed,  and  only  recj^uire  to  have  their 
temperature  a  little  raised  to  cause  them  to  combine  in  every  part. 
The  flame  so  produced  is  very  different  in  physical  characters  from 
that  of  a  simple  jet  of  hydrogen  or  any  other  combustible  gas  ;  it  is 
long  and  pointed,  and  very  remarkable  in  appearance. 

Hemming's  safety-jet,  the  construction  of  which  involves  a 
principle  not  yet  discussed,  may  be  adapted  to  a  common  bladder 
containing  the  mixtivre,  and  held  imder  the  arm,  and  the  gas  forced 
through  the  jet  by  a  little  pressure.  Although  this  jet,  properly 
constructed,  is  believed  to  be  safe,  it  is  best  to  use  nothing  stronger 
than  a  bladder,  for  fear  of  injiuy  in  the  event  of  an  explosion.  The 
gases  are  often  contained  in  separate  reservoirs,  a  pair  of  large  gas- 
holders, for  example,  and  only  suffered  to  mix  in  the  jet  itself,  as  in 
the  contrivance  of  the  late  Professor  Daniell ;  in  this  way  all  clanger 
is  avoided.  The  eye  speedily  becomes  accustomed  to  the  peculiar 
appearance  of  the  true  oxyhydrogen  flame,  so  as  to  permit  the  supply 
of  each  gas  to  be  exactly  regulated  by  suitable  stop-cocks  attached 
to  the  jet  (fig.  85.) 

A  piece  of  thick  platinum  wire  introduced  into  the  flame  of  the 
oxyhydrogen  blowpipe  melts  with  the  greatest  ease  ;  a  watch-spring 
or  a  small  steel  file  burns  with  the  utmost  brilliancy,  throwing 
off  showers  of  beautiful  sparks ;  an  incombustible  oxidised  body, 
as  magnesia  or  lime,  becomes  so  intensely  ignited  as  to  glow  with 
a  light  insupportable  to  the  eye,  and  to  be  susceptible  oi'  employ- 
ment as  a  most  powerful  illuminator,  as  a  substitute  for  the  sun's 
rays  in  the  solar  microscope,  and  for  night  signals  in  trigonometrical 
surveys. 

If  a  long  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of 
hydrogen  (tig.  86),  a  series  of  musical  sounds  is  sometimes  produced 
by  the  partial  extinction  and  rekindling  of  the  flame  by  the  ascending 
current  of  air.    These  little  explosions  succeed  each  other  at  regular 
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intervals,  and  so  rapidly  as  to  give  rise  to  a  musical  note,  the  pitch, 
depending  chiefly  upon  the  length  and  diameter  of  the  tube. 


Fig.  85.  Fig.  86. 


H  O 


Although  oxygen  and  hydrogen  may  be  kept  mixed  at  common 
temperatirres  for  any  length  of  time  without  combination  taking 
place,  yet,  under  particular  circumstances,  they  xmite  quietly  and 
without  explosion.  Many  years  ago,  Dobereiner  made  the  curious 
observation,  that  finely  divided  platinum  possessed  the  power  of 
determining  the  union  of  the  gases ;  and,  more  recently,  Faraday 
has  shown  that  the  state  of  minute  division  is  by  no  means 
indispensable,  since  rolled  plates  of  the  metal  have  the  same 
property,  provided  their  surfaces  are  absolutely  clean.  Neither  is 
the  effect  strictly  confined  to  platinimi ;  other  metals,  as  palladiiun 
and  gold,  and_  even  stones  and  glass,  exhibit  the  same  property, 
although  to  a  far  inferior  degree,  since  they  often  require  to  be  aided 
by  a  little  heat.  When  a  piece  of  platinum  foil,  which  has  been 
cleaned_  by  hot  oil  of  vitriol  and  thorough  washing  -^vith  distilled 
water,  is  thrust  into  a  jar  containing  a  mixtm-e  of  oxygen  and 
hydrogen  standing  over  water,  combination  of  the  two  gases 
uimiediately  begums,  and  the  level  of  the  water  rapidly  rises,  whilst 
the  platinum  becomes  so  hot  that  di-ops  of  water  accidentally 
falKng  upon  it  enter  into  ebullition.  If  the  metal  be  very  thin  and 
exceedingly  clean,  and  the  gases  very  pm-e,  its  temperatm-e  riseS 
after  a  time  to  actual  redness,  and  the  residue  of  the  mixtm-e 
explodes.  But  this  is  an  eftect  altogether  accidental,  and  dependent 
upon  the  high  temperature  of  the  platinum,  which  high  temperature 
has  been  produced  by  the  preceding  quiet  combination  of  the  two 
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bodies.  When  the  platinum  is  reduced  to  a  state  of  minute  division, 
and  its  surface  thereby  much  extended,  it  becomes  immetliately  red- 
hot  in  a  mixture  of  hydrogen  and  oxygen,  or  hydrogen  and  aii- ;  a  jet 
of  hyth'ogen  thro^v^l  upon  a  little  of  the  spongy  metal,  contained  in 
a  glass  or  capsule,  is  at  once  kindled,  and  on  this  principle  machines 
for  the  production  of  instantaneous  light  have  been  constructed. 
These,  however,  act  well  only  when  constantly  used ;  the  spongy 
platinum  is  apt  to  become  damp  by  absorption  of  moisture  from 
the  air,  and  its  power  is  then  for  the  time  lost. 

The  best  explanation  that  can  be  given  of  these  curious  effects  is 
to  suppose  that  solid  bodies  in  general  have,  to  a  greater  or  less 
extent,  the  property  of  condensing  gases  upon  their  surfaces,  or  even 
liquefying  them  (as,  shown  p.  133),  and  that  this  faculty  is  exhibited 
pre-eminently,  by  certain  of  the  non-oxidisable  metals,  as  platinum 
aiid  gold.  Oxygen  and  hydrogen  may  thus,  under  these  circum- 
stances, be  brought,  as  it  were,  within  the  sphere  of  their  mutual 
attractions  by  a  temporary  increase  of  density,  whereupon  combina- 
tion ensues. 

Coal-gas  and  ether  or  alcohol  vapour  may  be  made  to  exhibit  the 
phenomenon  of  quiet  oxidation  under  the  influence  of  this  remarkable 
sirrface-action.  A  close  spiral  of  slender  platinum  wii'e,  a  roll  of 
thin  foil,  or  even  a  common  platinum  crucible,  heated  to  dull 
redness,  and  then  held  in  a  jet  of  coal-gas,  becomes  strongly  ignited, 
and  remains  in  that  state  as  long  as  the  supply  of  mixed  gas  and  air 
is  kept  up,  the  temperature  being  maintained  by  the  heat  disengaged 
in  the  act  of  union.  Sometimes  the  metal  becomes  white-hot,  and 
then  the  gas  takes  fire. 

If  such  a  coil  of  wire  be  attached  to  a  card, 
and  suspended  in  a  glass  containing  a  few  drops 
of  ether,  having  previously  been  made  red-hot  in 
the  flame  of  a  spiiit-lamp,  it  will  continue  to 
glow  until  the  oxygen  of  the  aii-  is  exhausted, 
giving  rise  to  the  production  of  an  irritating  vapoiu' 
which  attacks  the  eyes.  The  combustion  of  the 
ether  is  in  this  case  but  partial ;  a  portion  of  its 
hydrogen  is  alone  removed,  and  the  whole  of 
the  carbon  left  untouched. 

A  coil  of  thin  platinum  wire  may  be  placed 
over  the  wdck  ot  a  sjjiiit-lamp,  or  a  ball  of 
spongy  platinum  sustained  just  above  the  cotton  ; 
on  lighting  the  lamp,  and  then  blowing  it  out  as 
soon  as  the  metal  appears  red-hot,  slow  combustion  of  the  spirit 
drawn  up  by  the  capillarity  of  the  wick  will  take  place,  accompanied 
by  the  pungent  vapours  just  mentioned,  which  may  be  modilied,  and 
even  rendered  agreealjle,  by  dissolving  in  the  liquid  some  sweet- 
smelling  essential  oil  or  resin. 

Hydrogen  fonns  numerous  compounds  with  other  bodies,  although 
it  is  greatly  surpassed  in  this  respect,  not  only  by  oxygen,  but 
by  many  of  the  other  elements.    In  many  of  its  chemical  rela- 
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tions  It  resembles  the  metals,  combining  with  oxygen,  sulphur, 
chlorme,  bromine,  &c.,  to  form  compounds  analogous  in  consti- 
tution to  the  metallic  oxides,  sulphides,  chlorides,  bromides,  &c. 
{p.  116).  ' 

Oxides  of  Hydrogen.— There  are  two  oxides  of  hydrogen— 
namely,  the  monoxide,  which  is  water,  and  the  dioxide,  dis- 
covered m  the  year  1818  by  Thenard. 

_  It  appears  that  the  composition  of  water  was  first  demonstrated 
m  the  year  1781  by  Cavendish;*  but  the  discovery  of  the  exact 
proportions  in  which  oxygen  and  hydrogen  unite  in  generating  that 
most  important  compound  has,  from  time  to  time  to  the  present  day, 
occupied  the  attention  of  some  of  the  most  distinguished  cultivators 
of  chemical  science.  There  are  two  distinct  methods  of  research  in 
chemistry — the  analytical,  or  that  in  which  the  compound  is  resolved 
into  its  elements,  and  the  synthetical,  in  wliich  the  elements  are  made 
to  unite  and  produce  the  compound.  The  first  method  is  of  much 
more  general  application  than  the  second  ;  but  in  this  particular 
instance  both  may  be  employed,  although  the  results  of  the  synthesis 
are  the  more  valuable. 

The  decomposition  of  water  may  be  effected  by  voltaic  electricity. 
When  water  is  acidulated  so  as  to  render  it  a  conductor,t  and  a 
portion  interposed  between  a  pair  of  platinum  plates  connected  %vith 
the_  extremities  of  a  voltaic  apparatus  of  moderate  power,  decom- 
position of  the  liquid  takes  place  in  a  very  interesting  manner ; 
oxygen,  in  a  state  of  perfect  purity,  is  evolved  from  the  water  in 
contact  with  the  plate  belonging  to  the  copper 
end  of  the  battery,  and  hydrogen,  equally  pure,  is 
disengaged  at  the  plate  connected  with  the  zinc 
extremity,  the  middle  portions  of  liquid  remaining 
apparently  unaltered.  By  placing  small  graduated 
jars  over  the  platinum  plates,  the  gases  can  be 
collected,  and  their  quantities  determined.  The 
whole  arrangement  is  sho-mi  in  fig.  88  ;  the  con- 
ducting wires  pass  through  the  bottom  of  the  glass 
cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a 
suflacient  time,  it  will  be  foimd  that  the  volume  of 
the  hydrogen  is  a  very  little  above  twice  that  of 
the  oxygen.  Were  it  not  for  the  accidental  cir- 
cumstance of  oxygen  being  sensibly  more  soluble 
in  water  than  hycbogen,  the  proportion  of  two  to 
one  by  measure  would  come  out  exactly. 

*  A  claim  to  the  discovery  of  the  composition  of  water,  on  belialf  of  James  ■ 
Watt,  lias  been  very  strongly  urged,  and  supported  by  such  evidence  that  the 
reader  of  the  controversy  may  be  led  to  the  conclusion  that  the  discovery  was 
made  by  both  parties,  nearly  simultaneously,  and  unkno-\vn  to  each  other.  See 
the  article  "  Gas,"  by  Dr.  Paul,  in  Watts's  Dictionary  of  Chemistry,  ii.  780. 

t  See  the  section  on  "  Electro-Chemical  Decomposition." 
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rig.  89. 


Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its 
constituents  by  heat.  This  efl'ect  is  produced  by  introducing  platinum 
balls,  ignited  by  electricity  or  other  means,  into  water 
or  steam.  The  two  gases  are  obtained  in  very  small 
quantities  at  a  time. 

"When  oxygen  and  hydrogen,  both  as  pure  as  pos- 
sible, are  mixed  in  the  proportions  mentioned,  passed 
into  a  strong  glass  tube  standing  over  merciuy,  and 
exploded  by  the  electric  spark,  all  the  mixture  dis- 
appears, and  the  mercury  is  forced  up  into  the  tube, 
filliag  it  completely.  The  same  experiment  may  be 
made  with  the  explosion  vessel  or  eudiometer  of 
Cavendish  (tig.  89.)  The  instrmuent  is  exhausted  at 
the  ail-pump,  and  then  filled  from  a  capped  jar  with 
the  mixed  gases  ;  on  passing  an  electric  spai'k  by  the 
wires  shown  at  a,  explosion  ensues,  and  the  glass 
becomes  bedewed  with  moisture  ;  and  if  the  stop-cock 
be  then  opened  under  water,  the  latter  will  rush  in  and 
fill  the  vessel,  leaving  merely  a  bubble  of  air,  the 
result  of  imperfect  exhaustion. 

The  process  upon  which  most  reliance  is  placed  is 
that  in  which  pure  copper  oxide  is  reduced  at  a  red 
heat  by  hydrogen,  and  the  water  so  formed  is  collected 
and  weighed.  This  oxide  suffers  no  change  by  heat 
alone,  but  the  momentary  contact  of  hydrogen,  or  any 
common  combustible  matter,  at  a  high  temperature, 
suffices  to  reduce  a  corresponding  portion  to  the 
metallic  state.  Fig.  90  will  serve  to  convey  some  idea 
of  the  arrangement  adopted  in  researches  of  this  kind. 

A  copious  supply  of  hydrogen  is  procured  by  the 
action  of  dilute  sulphuric  acid  upon  the  piu'est  zinc 
that  can  be  obtained ;  the  gas  is  made  to  pass  in  suc- 
cession through  solutions  of  silver  nitrate  and  strong 
caustic  potash,  by  which  its  purification  is  completed. 
After  this  it  is  conducted  through  a  tube  tliree  or  four 
inches  long,  filled  with  fragments  of  pumice  stone 
steeped  in  concentrated  oil  of  vitriol,  or  with  anhydrous 
phosphoric  acid.    These  substances  have  so  great  an  attraction  for 


aqueous  vapour,  that  they  dry  the  gas  completely  during  its  transit. 
The  extremity  of  this  tube  is  shown  at  a.    The  dry  hydrogen  thus 
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arrives  at  tte  part  of  the  apparatus  containing  the  copper  oxide 
represented  at  b ;  this  consists  of  a  two-necked  flask  of  very  hard 
white  glass,  maintained  at  a  red-heat  by  a  spirit-lamp  placed  be- 
neath. As  the  decomposition  proceeds,  the  water  produced  by  the 
reduction  of  the  oxide  begins  to  condense  in  the  second  neck  of 
the  flask,  whence  it  drops  into  the  receiver  c.  A  second  desiccating 
tube  prevents  the  loss  of  aqueous  vajDour  by  the  cm-rent  of  gas  M'hich 
passes  in  excess. 

Before  the  experiment  can  be  commenced,  the  copper  oxide,  the 
purity  of  which  is  well  ascertained,  must  be  heated  to  redness  for 
some  time  in  a  cui'rent  of  dry  air  ;  it  is  then  svvffered  to  cool,  and 
very  carefully  weighed  with  the  flask.  The  empty  receiver  and 
second  di'ying-tube  are  also  weighed,  the  disengagement  of  gas  set 
up,  and  when  the  air  has  been  displaced,  heat  is  slowly  apjDlied 
to  the  oxide.  The  action  is  at  first  very  energetic  ;  the  oxide  often 
exhibits  the  appearance  of  ignition ;  but  as  the  decomposition^ 
proceeds,  it  becomes  more  sluggish,  and  requires  the  application  of 
a  considerable  heat  to  effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool, 
the  stream  of  gas  is  discontinued,  dry  air  is  drawn  tlirough  the 
whole  arrangement,  and,  lastly,  the  parts  are  disconnected  and 
reweighed.  The  loss  of  the  copper  oxide  gives  the  oxygen  ;  the 
gain  of  the  receiver  and  its  drying-tube  indicates  the  water ;  and  the 
dift'erence  between  the  two,  the  hydrogen. 

A  set  of  experiments,  made  in  Paris  in  the  year  1820,  by  Dulong 
and  Berzelius,  gave  as  a  mean  result,  for  the  composition  of  water 
by  weight,  8-009  parts  oxygen  to  1  part  hycli'ogen5;  numbers  so 
nearly  in  the  proportion  of  8  to  1,  that  the  latter  have  usually 
been  assumed  to  be  true. 

More  recently  the  subject  has  been  reinvestigated  by  Dumas,  -with 
the  most  scrupulous  precision,  and  the  above  supposition  fully  con- 
firmed. The  composition  of  water  may  therefore  be  considered  as 
established  ;  it  contains  by  weight  8  parts  oxygen  to  1  part  hydi-ogen, 
and  by  measure,  1  volume  oxygen  to  2  volumes  hydi-ogen.  The 
densities  of  the  gases,  as  already  mentioned,  correspond  very  closely 
with  these  results. 

The  physical  properties  of  water  are  too  weU  knoMni  to  need 
lengthened  description :  when  piu-e,  it  is  colom-less  and  transparent, 
destitute  of  taste  and  odoiu-,  and  an  exceedingly  bad  conductor  of 
electricity  of  low  tension.  It  attains  its  greatest  density  towards  4-5°  C. 
(40"  F.).  freezes  at  0°  C.  (32°  F.),*  and  boils  under  the  ordinary 
atmospheric  pressm-e  at  or  near  100°  C.  (212°  F.).  It  evaporates 
at  all  temperatiu'es. 

The  weight  of  a  cubic  centimeter  of  water  at  the  maximiim  density 
is  chosen  as  the  vmit  of  weight  of  the  metrical  system ;  and  called 
a  gram  ;  consequently  a  liter  or  cubic  decimeter  =  100  cubic  ceuti- 

*  According  to  Dufour,  tlie  specific  gravity  of  ice  is  0-9175  ;  water,  therefore, 
on  freezing,  expands  by  -yith  of  its  volume. 
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meters  of  water,  at  the  same  temperature,  weighs  1000  grams,  or 
1  kilogram. 

A  cubic  inch  of  water  at  62°  F.  weighs  252'45  grains  ;  a  cubic  foot 
weighs  nearly  1000  ounces  avoii'dupois  ;  and  an  imperiaJ^  gallon 
weighs  70,000  grains,  or  10  lbs.  avoirdupois. 

Water  is  825  times  heavier  than  air.  To  all  ordinary  observation, 
it  is  incompressible  ;  A'ery  accurate  experiments  have  nevertheless 
shown  that  it  does  yield  to  a  small  extent  when  the  power  employed 
is  very  great,  the  diminution  of  volume  for  each  atmosphere  of 
pressm-e  being  about  51 -million ths  of  the  whole. 

Clear  water,  although  colourless  in  small  bulk,  is  blue  like  the 
atmosphere  when  viewed  in  mass.  This  is  seen  in  the  deep 
lUtramarine  tint  of  the  ocean,  and  perhaps  in  a  still  more  beautiful 
manner  in  the  lakes  of  Switzerland  and  other  Alpine  countries,  and 
in  the  rivers  which  issue  from  them,  the  slightest  admixtiire  of  mud 
or  suspended  impiuity  destroying  the  effect.  The  same  magnificent 
colom'  is  visible  in  the  fissures  and  caverns  found  in  the  ice  of  the 
glaciers,  which  is  usually  extremely  pure  and  transparent  within, 
although  foul  upon  the  siu-face. 

The  specific  gravity  of  steam  or  vapour  of  water  is  found  by 
experiment  to  be  0"625,  compared  with  air  at  the  same  temperature 
and  pressm-e,  or  9  as  compared  with  hydrogen.  Now,  it  has  been 
already  shown  that  water  is  composed  of  two  volumes  of  hydrogen 
and  one  volume  of  oxygen  ;  and  if  the  weight  of  one  volume  of 
hydi'ogen  be  taken  as  imity,  that  of  two  vohmies  hydrogen  (=2) 
and  one  volume  oxygen  (  =  16)  will  together  make  18,  which  is  the 
weight  of  two  volumes  of  water-vapour.  Consequently  wate7-  in  the 
state  of  vapour  consists  of  tivo  volumes  of  hydrogen  and  one  volume  of 
oxygen  condensed  into  two  volumes.  A  method  of  demonstrating  this 
important  fact  by  direct  experiment  has  been  devised  by  Dr. 
Hofmann.  It  consists  in  exjjloding  a  mixture  of  two  volumes 
hydrogen  and  one  volume  oxygen,  by  the  electric  spark,  in  a 
eudiometer  tube  enclosed  in  an  atmosphere  of  the  vapour  of  a  liquid 
(amylic  alcohol)  which  boils  at  a  temperatiu-e  considerably  above 
that  of  boiling  water,  so  that  the  water  produced  by  the  combina- 
tion of  the  gases  remains  in  the  state  of  vapour  instead  of  at  once 
condensing  to  the  liquid  form.  It  is  then  seen  that  the  three  volumes 
of  mixed  gas  are  reduced  after  the  explosion  to  two  volumes.* 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect 
purity  :  even  the  rain  which  faUs  in  the  open  country  contains  a 
trace  of  ammoniacal  salt,  while  rivers  and  springs  are  invariably 
contaminated  to  a  greater  or  less  extent  with  soluljle  matters,  saline 
and  organic.  Simple  filtration  through  a  porous  stone  or  a  bed  of 
sand  will  separate  suspended  impurities,  but  distillation  alone  will 
Iree  the  liqmd  from  those  which  are  dissolved.  In  the  preparation 
of  distiUecl  water,  which  is  an  article  of  large  consumption  in  the 

*  For  a  description  of  tlie  apparatus,  see  Hofmann's  Modem  Chemistry 
(ISeS),  p.  61. 
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scientific  laboratory,  it  is  proper  to  reject  the  fii-st  portions  wliicli  pass 
over,  and  to  avoid  carrying  the  distillation  to  dryness.  The  process 
may  be  conducted  in  a  metal  still  furnished  with  a  worm  or  con- 
denser of  silver  or  tin  ;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  saline  matter  canied  dowTi 
by  the  rivers  which  drain  the  land  :  hence  the  vast  accumulation  of 
salts.    The  following  table  will  serve  to  convey  an  idea  of  the 
ordinary  composition  of  sea- water  ;  the  analysis  is  by  Dr  Schweitzer 
of  Brighton,  the  water  being  that  of  the  British  Channel :—  ' 


1000  grains  contained — 

Water   964745 

Sodium  chloride,   27-059 

Potassium  chloride,   0-766 

Magnesium  chloride,   3-666 

Magnesium  bromide,   0-029 

Magnesium  sulphate,   2-296 

Calcium  suljjhate,       .....  1-406 

Calcium  carbonate,   0-033 


Traces  of  Iodine  and  Ammoniacal  salts, 


1000-000 

Its  specific  gravity  was  foimd  to  be  1-0274  at  15-5°  C.  (60°  F.). 
Sea-water  is  liable  to  variations  of  density  and  composition  by  the 
influence  of  local  causes,  such  as  the  proximity  of  large  rivers,  or 
masses  of  melting  ice,  and  other  circumstances. 

Natural  springs  are  often  impregnated  to  a  great  extent  vnth. 
soluble  substances  derived  fi-om  the  rocks  they  traverse  ;  such  are 
the  various  mineral  waters  scattered  over  the  whole  earth,  and  to 
which  medicinal  virtues  are  attributed.  Some  of  these  hold  ferrous 
oxide  in  solution,  and  are  effervescent  from  carbonic  acid  gas  ; 
others  are  alkaline,  probably  from  traversing  rocks  of  volcanic 
origm  ;  some  contain  a  very  notable  quantity  of  iodine  or  bromine. 
Their  temperatures,  also,  are  as  variable  as  their  chemical  nature. 

"Water  acts  on  many  oxides,  both  acid  and  basic,  with  great 
energy  and  considerable  evolution  of  heat,  producing  compoimds 
called  hydroxides,  which  contain  hydrogen  and  oxygen  in  the 
proportion  to  form  water,  but  not  actually  existing  as  water,  the 
elements  of  the  two  bodies  in  combining  having  undergone  a 
change  of  arrangement,  thus  : — 

KgO  +  HjO  =  2KH0    Potassium  hydroxide  (potash). 
CaO  +  HjO  =  CaHgOg  Calciimi  hydroxide  (slaked  lime).  ' 
SO,  -I-  HjO  =  SH,,04     Sulphur  hydroxide  (sulphuric  acid). 
P2O5  +  H2O  =  2PHO3  Phosphorus  hydroxide  (metaphos- 

phoric  acid). 


*  Pliilosophical  Magazine,  July  1839. 
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In  many  of  these  compoimcls  the  elements  of  water  are  retained 
with  great  force,  and  reqnii'e  a  high  temperature  to  expel  them  : 
calcimu  hydroxide,  for  example,  reqnii'es  a  red  heat  to  convert  it 
into  anhydrous  calcium  oxide  (quick  lime),  and  the  hydi'oxides  of 
potassium,  barimn,  sulphur,  and  phosphorus  cannot  be  dehydrated 
by  heat  alone. 

In  other  cases  water  appears  to  combine  with  other  bodies — salts, 
for  example — as  such,  or,  in  other  words,  without  alteration  of  atomic 
arrangement.  Such  compounds  are  called  hydrates,  and  the  water 
contained  in  them — the  presence  of  which  has  great  influence  on 
the  crystalline  form  of  the  compound — is  called  water  of  crystal- 
lisation. Water  thus  combined  is  easily  expelled  by  heat,  mostly 
at  100-120°. 

Many  salts  combine  mth  different  quantities  of  water,  according 
to  the  temperature  at  which  they  separate  from  solution,  the  quan- 
tity thus  taken  up  being  for  the  most  part  greater  as  the  temperature 
of  solidification  is  lower  :  thus  sodium  carbonate  crystallises  from 
solution  at  ordinary  temperatures  in  oblique  rhombic  prisms  con- 
taining 10  molecules  of  water  (COgNaj-l-lOHjO),  whereas  at  higher 
temperatm-es  it  crystallises  as  COgNaj -|- 8H2O  or  SHgO,  and  from  a 
boiling  solution  in  rectangular  plates  containing  C03Na2  4-H20. 

There  are  also  hydrates  called  cryohydrates,*  which  exist  only 
at  temperatures  below  the  freezing  point  of  water ;  thus  sodium 
chloride  (common  salt),  which  at  ordinary  temperatures  crystallises 
in  anhydi-ous  cubes,  solidifies  at  —  23°  with  10^  molecules  of  water, 
forming  the  hydrate  NaCl  +  lOiHaO,  or  2NaCl -f- 21H2O,  and 
ammoniimi  chloride  (sal-ammoniac),  also  anhydrous  at  ordinary 
temperatures,  solidifies  at— 15°  to  a  hydrate  containing  NHjCl-f- 
I2H2O. 

In  some  cases  water  of  crystallisation  is  so  feebly  combined  that 
it  gradually  separates  when  the  substance  containing  it  is  exposed 
at  ordinary  temperatures  to  dry  aii-,  the  salt  at  the  same  time  losing 
its  crystalline  character  and  falling  to  powder.  This  change,  called 
efflorescence,  is  strikingly  exhibited  by  crystallised  sodium  car- 
bonate and  common  alum.  On  the  other  hand,  many  substances 
which  are  very  soluble  in  water  attract  water  from  moist  air  in 
such  quantity  as  to  form  a  solution ;  this  change,  which  is  exhibited 
by  calcium  chloride  and  potassium  hydroxide  (caustic  potash),  is 
called  deliquescence. 

Lastly,  the  solvent  properties  of  water  far  exceed  those  of  any 
other  liquid  known.  Among  salts  a  very  large  proportion  are 
solul)le  to  a  greater  or  less  extent,  the  solubility  usually  increasing 
with  the  temperature,  so  that  a  hot  saturated  solution  deposits 
crystals  on  cooling.  There  are  a  few  exceptions  to  this  law,  one  of 
the  most  remarkable  of  which  is  common  salt,  the  solubility  of 
which  is  nearly  the  same  at  all  temperatures  :  the  hydroxide  and 


♦  Guthrie,  Phil.  Mag.  (Ser.  4)  xlix.  1,  206 ;  1.  266 ;— (Ser.  5)  i.  49  ;  ii.  211, 
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certain  organic  salts  of  calcium,  also,  dissolve  more  freely  in  cold 
than  in  hot  water. 

Fig.  91  exhibits  the  unequal  solubility  of  different  salts  in  water  of 

Solubility  of  Salts  in  100_2Jaris  of  Water. 


Fig.  91. 


0°    10°    20°    30°    40°    50°    60°    70°    80°    90°  100°  110°  C. 
32°    50°    68°    86°  104°  122°  140°  158°  176°  194°  212°  230°  F. 
Temperature. 


different  temperatiu'es.  The  lines  of  solubility  cut  the  verticals 
raised  from  points  indicating  the  temperatures,  upon  the  lower 
horizontal  line,  at  heights  proportioned  to  the  quantities  of  salt 
dissolved  by  100  parts  of  water.  The  diagram  shows,  for  example, 
that  100  parts  of  water  dissolve,  of  potassium  sulphate  8  parts  at 
0°  C,  17  parts  at  50°,  and  25  parts  at  100°.  There  are  salts  which, 
like  sodium  chloride,  possess,  as  already  mentioned,  very  nearly  the 
same  degree  of  sol  ubility  in  water  at  all  temperatures  ;  in  others,  like 
potassium  sulphate  or  potassium  chloride,  the  solubility  increases 
directly  with  the  increment  of  temperature ;  in  others,  again, 
like  potassium  nitrate  or  potassium  chlorate,  the  solubility  aug- 
ments much  more  rapidly  than  the  temperature.  The  differences 
in  the  deportment  of  these  different  salts  are  showm  very  con- 
spicuously, by  a  straight  horizontal  line,  by  a  straight  inchned  line, 
and  lastly  by  curares,  the  convexity  of  which  is  tm-ned  towai-ds  the 
lower  horizontal  line. 

The  solubility  of  a  salt  is  usually  represented  by  the  quantity  of 
anhydrous  salt  dissolved  by  100  parts  of  water.  It  is  ob\ious,  how- 
ever, that  salts  containing  M^ater  of  hydi-ation  or  water  of  crystallisation 
cannot,  withia  certain  limits  of  temperature,  dissolve  ia  water  in  the 
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anliytbous  state,  but  must  be  dissolved  as  hydrates.  The  solubility 
of  a  hydrated  salt  frequently  differs  very  considerably  fi'om  that  of 
the  same  salt  in  the  anhydi-ous  state.  Again,  many  salts,  as  already 
observed,  ionu  more  than  one  hydrate  ;  and  thL'se  several  hydrates 
may  also  differ  in  their-  solubility.  Sodiimi  sulphate  forms  a  hydrate, 
SO^Na^  +  THoO,  consisting,  in  100  parts,  of  53  parts  of  anhydrous 
salt  and  47  parts  of  water,  which  is  obtained  in  crystals,  when  a  solu- 
tion of  sodium  .sulphate  saturated  at  100°  C,  is  cooled  out  of  contact 
with  the  air :  this  hydrate  is  much  more  soluble  than  the  ordinary 
hydi-ate  SO^Naj+lOH^O  (Glauber's  salt),  which  differs  fi-om  the 
former  in  its  crystalline  form,  and  consists,  in  100  parts,  of  44-2  parts 
of  anhytkous  salt  and  55-8  parts  of  water.  When  a  solution  of  sodium 
sulphate  is  saturated  at  the  boiling  point  of  water,  and  cooled  to  the 
common  temperature  without  depositing  any  crystals,  the  salt  exists 
in  the  form  of  the  more  soluble  hydrate.  This  salt,  when  coming  in 
contact  with  the  dust  of  the  air,  or  with  a  small  crystal  of  common 
Glauber's  salt,  is  suddenly  transformed  into  the  less  soluble  hydrate, 
part  of  which  separates  from  the  solution  in  the  form  of  Glauber's 
salt.  From  0°  to  33°  C.  (32°  to  91°  F.)  sodium  sulphate  dissolves  as 
Glauber's  salt,  the  solubility  of  which  increases  with  the  tempera- 
ture :  hence  the  rapid  rise  of  the  cUrve  representmg  the  solubility 
of  the  salt.  Above  33°  C.  (91°  F.)  the  hydi-ate  of  socUum  sulphate  is 
decomposed,  even  in  solution,  being  more  and  more  thoroughly  con- 
verted into  the  anhydrous  salt  as  the  temperatiu'e  increases.  Sodium 
sulphate  appears,  however,  far  less  soluble  in  the  anhydrous  state, 
and  hence  the  diminution  of  solubility  of  the  salt  when  its  solution 
is  heated  above  33°  C.  (91°  F.)^ 

Liquid  Diffusion.    Dialysis.— When  a  solution  having  a  sp.  ^r. 
greater  than  water  is  introduced  into  a  cylindrical  glass  vessel,  and 
then  water  very  cautiously  poured  upon  it,  in  such  a  manner  that 
the  two  layers  of  lic[uid  remain  unmoved,  the  substance  dissolved  in 
the  lower  licimd  wiU  gradually  pass  into  the  supernatant  water, 
though  the  vessel  may  have  been  left  undisturbed,  and  the 
temperature  remain  unchanged.  This  gradual  passage  of  a  dissolved 
substance  from  its  original  solution  iato  pm-e  water,  taking  place 
notwithstandmg  the  higher  specific  gravity  of  the  substance  which 
opposes  this  passage,  is  called  the  diffusion  of  liquids.  The 
phenomena  of  this  diffusion  have  been  elaborately  investigated  by 
Graham,  who  has  arrived  at  very  important  results.  Different 
substances,  when  in  solution  of  the  same  concentration,  and  under 
other  similar  circumstances,  diffuse  with  very  unequal  velocity. 
Myrlrochloric  acid,  for  instance,  diffuses  with  greater  rapidity  than 
potassium  chloride,  potassium  chloride  more  rapidly  than  sodium 
cmonde,  and  the  latter,  again,  more  quickly  than  magnesium  sul- 
phate ;  gelatin,  albumin,  and  caramel  diffuse  very  slowly.  Diffusion 
IS  generally  found  to  take  place  more  rapidly  at  high 'than  at  low 
temperatures.    Diffusion  is  more  particularly  i-apid  with  crystallised 
substances,  though  not  exclusively,  for  hydrochloric  acid  and  alcohol 
FOWNES.— VOL.  I.  V 
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are  among  the  highly  diffusive  bodies.  Diffusion  is  slow  with  non- 
crystalline bodies,  which,  like  gelatin,  are  capable  of  forming  a  jelly, 
though  even  here  exceptions  are  met  with.  Graham  calls  the 
substances  of  great  diffusibility  crystalloids,  the  substances  of  low 
diftusibility  colloids.  The  unequal  power  of  diffusion  ^\  hh.  which 
different  substances  are  endowed  frequently  furnishes  the  means 
of  separating  them.  When  water  is  pom-ed  with  caution,  so  as  to 
prevent  mixing,  upon  a  solution  containing  equal  quantities  of 
potassium  chloride  and  sodium  chloride,  the  more  diiiHisible  potassimn 
chloride  travels  more  rapidly  upwards  than  the  less  diffusible 
sodium  chloride,  and  very  considerable  portions  of  potassium  chloride 
will  have  reached  the  upper  layers  of  the  water  before  the  sodium 
chloride  has  arrived  there  in  appreciable  quantity.  The  separation 
of  rapidly  diffusible  crystalloids  and  slowly  diffusible  colloids 
succeeds  still  better. 

A  more  perfect  separation  of  crystalloids  and  colloids  may  be 
accomplished  in  the  following  manner : — Graham  made  the  im- 
portant observation,  that  certain  membranes,  and  also  parchment 
paper,  when  in  contact,  on  the  one  surface,  with  a  solution  contain- 
ing a  mixture  of  crystalloidal  and  colloidal  substances,  and,  on  the 


Fig.  92.  Fig.  94. 


other  surface,  with  pure  water,  wiU  permit  the  joassage  to  the  water 
of  the  crystalloids,  but  not  of  the  colloids.  To  carry  out  this 
important  mode  of  separation,  which  is  designated  by  the  term 
dialysis,  the  lower  mouth  of  a  glass  vessel,  open  on  both  sides  (fio-. 
92),  is  tied  over  with  pai-chment  paper  placed  upon  an  apjn-opriate 
support  (fig.  93),  and  transferred,  together  mth  the  hitter,  into  a 
larger  vessel  filled  with  water  (fig.  94)  ;  or  the  vessel  may  be  sus- 
pended, as  shown  iu  fig.  95.  The  liquid  containing  the  dtflerent 
substances  iu  solution  is  then  poiu'ed  into  the  inner  vessel,  so  as  to 
form  a  layer  of  about  half  an  inch  in  height  upon  the  parchment 
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paper.  The  crystalloiclal  substances  gradually  pass  throiigli  the 
parchment  paper  into  the  outer  water,  which  may  be  renewed  from 
time  to  time  ;  the  colloidal  substances  are  almost  entirely  retained 
by  the  liquid  in  the  inner  vessel.  In  this  manner  Graham  prepared 
several  colloids  free  from  crystalloids  ;  he  showed,  moreover,  that 
poisonous  crystalloids,  such  as  arsenious  acid  or  strychnine,  even 
when  mixed  ^\^th  very  large  proportions  of  colloidal  substances,  pass 
o\'er  into  the  water  of  the  dialyser  in  such  a  state  of  purity  that  their 
presence  may  be  established  by  re-agents  with  the  utmost  facility. 

Osmose. — When  two  different  liquids  are  separated  l)y  a  porous 
diaphragm,  as,  for  instance,  by  a  membrane,  and  the  liquids  mix 
thnnigh  this  diaphragm,  it  is  found  that  in  most  cases  the  quantities 
travellmg  in  opposite  directions  are  unequal.  Suppose  three 
cylinders,  the  lower  mouths  of  which  are  tied  over  with  liladders 
filled  respectively  with  concentrated  solutions  of  copper  sulphate, 
sodium  chloride,  and  alcohol,  and  let  them  be  immersed  in  vessels 
containing  water,  to  such  a  depth  that  the  lic[uids  inside  and  outside 
are  level  (fig.  96).  After  some  time  the  liquid  within  the  tube  is 
found  to  have  risen  appreciably  aljove  the  level  of  the  water  (fig. 
97).  On  the  other  hand,  if  the  cylinder  filled  with  pure  water  be 
immersed  in  a  solution  of  copper  sulphate,  or  of  sodium  chloride, 
or  in  alcohol,  the  liquid  in  the  cylinder  is  seen  to  diminish  after 
some  time  (fig.  98).    A  larger  quantity  of  water  passes  through 


Fig.  96.  Fig.  97.  Fig.  98. 


the  bladder  into  the  solution  of  copper  sulpliate,  ol  sodium  chloride, 
or  into  alcohol,  than  the  amount  of  either  of  these  three  liquids  which 
passes  through  the  bladder  into  the  water.  The  mixing  of  dissimilar 
substances  through  a  porous  diaphragm  is  called  osmose.  The 
passage  in  larger  proportions  of  one  liquid  into  another  is  designated 
by  the  term  exosmose. 

These  phenomena  are  due  to  the  attraction  which  the  two  liquids 
have  for  each  other,  and  to  the  difference  of  the  attraction  exercised 
by  the  diaphragm  upon  these  liquids.  Bladder  takes  up  a  much 
larger  fjuantity  of  water  than  of  a  solution  of  salt  or  of  alcohol. 
Very  rarely  only  one  of  the  liquids  traverses  the  diaphragm  ; 
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generally  two  currents  of  unequal  strength  move  in  ojoposite  direc- 
tions. When  water  is  separated  by  an  aniinal  nieniljrane  from  a 
solution  of  salt  or  from  alcohol,  not  only  is  a  transition  of  water 
to  these  liquids  observed,  but  a  small  quantity  of  hydrochloric  acid 
and  of  alcohol  also  passes  over  into  the  water.  In  some  cases,  how- 
ever, when  colloidal  substances  in  concentrated  solutions  are  on  one 
side  of  the  diaphragm  and  water  on  the  other,  the  latter  alone  traverses 
the  diaphragm,  not  a  trace  of  the  former  passing  through  to  the  water. 

Water  likewise  dissolves  gases.  Solution  of  gases  in  water  (or  in 
other  liquids)  is  called  absorption,  unless  this  solution  gives  rise  to 
the  formaticffi  of  chemical  compounds  in  definite  proportions.  The 
phenomena  of  absorption  have  been  more  particularly  studied  by 
Bunsen,  to  whom  we  are  indebted  for  the  most  accurate  examination 
of  this  subject. 

Water  dissolves  very  unequal  quantities  of  the  different  gases,  and 
very  unequal  c[uantities  of  the  same  gas  at  flifferent  temperatures. 
1  vol.  of  water  absorbs,  at  the  temperatures  stated  in  the  table,  and 
under  the  pressure  of  30  inches  of  mercury,  the  following  volumes 
of  different  gases,  measured  at  0°  C.  and  30  inches  pressure  : — 


0° 
10° 
20? 


0' 
10' 
20' 
30' 
40' 


C. 


C. 


Oxygen. 

0-041 
0-033 
0-028 

Chlorine. 

2-59 
2-16 
1-7.5 
1-37 


Nitrogen. 

0-020 
0-016 
0-014 

Hj-drogcn 
Sulphide. 

4-37 
3-59 
2-91 
2-33 
1-86 


Hydrogen. 

0-019 
0-019 
0-019 

Sulphurous 
Oxide. 

53-9 
36-4 
27-3 
20-4 
15-6 


Nitrogen 
Monoxide. 

1-31 
0-92 
0-67 

Hydrochlo- 
ric Acid. 

505 
472 
441 
412 
387 


Carbon 
Dioxide. 

1-80 
1-18 
0-90 

Ammo- 
nia. 

1180 
898 
680 
536 
444 


When  the  pressure  increases,  a  larger  quantity  of  the  gases  is 
absorbed.  Gases  moderately  soluble  in  water  follow  iii  their 
solubility  the  law  of  Henry  and  Dalton,  according  to  which  the 
c[uantity  of  gas  dissolved  is  proportional  to  the  pressiu'e.  At  10°  C. 
1  vol.  of  water  absorbs,  under  a  pressm-e  of  1  atmosphere,  1-18  vol. 
of  carbon  dioxide,  measured  at  0°  and  under  a  pressure  of  30  inches 
mercury.  The  quantity  of  carbon  dioxide  dissolved  under  a 
pressure  of  2  atmospheres,  and  measured  under  conditions  precisely 
similar  to  those  of  Igie  previous  experiments,  equals  2-36  vols. 
Again,  1  vol.  of  water  dissoli^es  under  a  pressure  of  h  atmosphere, 
0-59  vol.  of  carbon  dioxide  also  measured  at  0°  and  under  30  inches 
of  mercury.  Gases  which  are  exceedingly  soluble  iii  water  do  not 
obey  this  law,  except  at  higher  temperatures,  when  the  solubility 
has  been  already  considerably  diminished. 

It  deserves,  however,  to  be  noticed,  that  the  pressure  which  deter- 
mines the  rate  of  absorption  of  a  gas  is  by  no  means  the  general 
pressure  to  which  the  absorbing  liquid  is  exposed,  but  that  pressure 
which  the  gas  under  consideration  would  exert  if  it  were  alone  pre- 


HTDEOGEN. 


149 


sent  in  the  space  with  Avhich  tlie  absorbing  liquid  is  in  contact. 
Thus,  supi^osing  water  to  be  in  contact  with  a  mixture  of  1  vol.  of 
carbon  dioxide  and  3  vols,  of  nitrogen,  under  a  pressiTxe  of  4  atmo- 
spheres, the  amount  of  carbon  dioxide  dissolved  by  the  water  will  be 
by  no  means  equal  to  that  which  the  water  would  have  absorbed  if 
it  had  been,  at  the  same  pressure  of  4  atmospheres,  in  contact  mth 
pure  carbon  dioxide.  In  a  mixture  of  carbbn  dioxide  and  nitrogen 
in  the  stated  proportions,  the  carbon  dioxide  exercises  only  the 
nitrogen  only  f ,  of  the  total  pressivre  of  the  gaseous  mixture  (4 
atmospheres) ;  the  partial  pressure  due  to  the  carbon  dioxide  is  in 
this  case  1  atmosphere,  that  due  to  the  nitrogen  3  atmospheres  ;  and 
water,  though  exposed  to  a  pressure  of  4  atmospheres,  cannot,  under 
these  cii'cumstances,  absorb  more  carbon  dioxide  than  it  would  if 
it  were  in  contact  Avith  pure  carbon  dioxide  under  a  pressure  of  1 
atmosphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand  why 
the  air  which  is  absorbed  by  water  out  of  the  atmosphere  difl'ers  in 
composition  from  atmospheric  air.  The  latter  consists  very  nearly 
of  21  vols,  of  oxygen  and  79  vols,  of  nitrogen.  In  atmospheric  aii" 
which  acts  imder  a  pressure  of  1  atmosjihere,  the  oxygen  exerts  a 
partial  pressure  of  yVir,  the  nitrogen  a  partial  pressure  of  atmo- 
sphere. At  10°  C.  1  vol.  of  water  (see  the  above  table)  absorbs  0'033 
vol.  of  oxygen  and  0'016  vol.  of  nitrogen,  supposing  these  gases  to 
act  in  the  pure  state  under  a  pressru'e  of  1  atmosphere.  But  under 
the  partial  pressures  just  indicated,  water  of  10°  C.  cannot  absorb 
more  than  tVs  x  0-033  =  0-007  of  oxygen,  and  x  0-016  =  0-13 
A'ol.  of  nitrogen.  In  0-007  4-  0-13  =  0-020  toI.  of  the  gaseous  mix- 
ture absorbed  by  water  there  are  consequently  0-007  vol.  of  oxygen, 
and  0'013  vol.  of  nitrogen,  or  in  20  vols,  of  this  mixtiu-e,  7  vols,  of 
oxygen,  and  13  vols,  of  nitrogen,  or  in  100  vols,  of  the  gaseous  mix- 
tm-e,  35  vols,  of  oxygen  and  69  vols,  of  nitrogen.  The  air  contained 
at  the  common  temperature  in  water  is  thus  seen  to  be  very  much 
richer  in  oxygen  than  ordinary  atmospheric  air.  This  property  of 
water  to  absorb  oxygen  from  the  air  more  readily  than  niti'ogen  has 
been  applied  to  the  preparation  of  oxygen  for  industrial  use.* 

Air  is  pressed  into  water  by  means  of  a  forcing-pump,  and  the 
gases  which  escape  on  diminishing  the  pressure  are  subjected  to  the 
same  treatment  eight  times  in  succession,  by  which  time  nearly  pure 
oxygen  is  obtained.  The  following  table  shows  the  composition  of 
the  gaseous  mixture  at  each  successive  stage 


Atmnsplieric 
air. 

Composition  after  successive  pressures. 

1 

2 

3 

4 

5 

6 

7 

8 

N  .    .  79 
0  .    .  21 

66-67 
33-33 

52-5 
47-5 

37-5 
62-5 

25-0 
75-0 

15-0 
85-0 

9-0 
91-0 

6-0 
95-0 

2-7 
97-3 

*  Mallet,  Dingler's  Polyt.  Journal,  cxcix.  112. 
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_  Water  containing  a  gas  in  solution,  when  exposed  in  a  vacuum  or 
m  a  space  filled  with  another  gas,  aUows  the  gas  absorhed  to  escape 
until  the  quantity  retained  corresponds  with  the  share  of  the  pressui'e 
belongmg  to  the  gas  evolved.  If  the  latter  be  constantly  removed 
by  a  powerful  absorbent  or  by  a  good  air-pump,  it  is  in  most  cases 
easy  to_  separate  every  trace  of  gas  fi-om  the  water.  The  same  result 
is  obtained  when  water  containing  a  gas  in  solution  is  exposed  in  a 
space  of  comparatively  infinite  size  filled  with  another  gas.  Water 
in  which  nitrogen  monoxide  is  dissolved  loses  the  latter  entirely  by 
mere  exposiu-e  to  the  atmosphere,  and  the  gas  evolved  cannot,  at  anv 
moment,  exert  more  than  an  infinitely  small  share  of  the  pres.sm'e. 
If  water  be  freed  fi'om  gases  by  ebullition,  the  separation  depends 
partly  upon  the  diminution  of  the  solubility  by  the  increase  of  tem- 
peratiu-e,  partly  also  upon  the  formation  above  the  siu-face  of  the 
liquid  of  a  constantly  renewed  atmosphere  into  which  the  gas  still 
retained  by  the  liquid  may  escape. 

Some  gases  which  are  absorbed  in  large  quantities,  and  very  quickly 
by  water— hycbochloric  acid,  for  instance— cannot  be  perfectly  ex- 
pelled either  by  the  protracted  action  of  another  gas  (exposiu-e  to  the 
atmosphere)  or  by  ebullition  ;  in  such  cases  the  liquid,  still  charged 
with  gas,  evaporates  as  a  whole  when  it  has  assumed  a  certain  com- 
position. This  composition  varies,  however,  with  the  temperatiu-e 
if  the  liquid  be  submitted  to  a  current  of  ah-,  and  with  the  pressui-e 
if  it  be  boiled. 

Liquids  also  lose  the  gas  they  contain  in  solution  by  freezing  : 
hence  the  aii-bubbles  in  ice,  which  consist  of  the  air  which  had  been 
absorbed  from  the  atmosphere  by  the  water.  Gas  is  retained  by 
liquicls  at  the  freezing  temperature  only  when  it  forms  a  chemical 
combination  in  definite  proportion  with  the  liquid.  Water  contain- 
ing chlorine  or  sulphurous  acid  in  solution  fi-eezes  without  evolution 
of  gas,  with  formation  of  a  solid  hycbate  of  chlorine  or  sulphurous 
acid. 

Pure  water  generally  dissolves  gases  more  copiously  than  water 
contammg  soKd  bodies  in  solution  (salt  water,  for  instance).  If  in 
some  few  cases  exceptions  are  observed  to  take  place,  they  appear  to 
depend  upon  the  formation  of  feeble  but  true  chemical  compounds  in 
definite  proportion  ;  the  fact  that  carbon  dioxide  is  more  copiously 
absorbed  by  water  containing  sodium  phosphate  in  solution  than  by- 
pure  water,  may  perhaps  be  explained  in  this  manner. 

When  water  is  heaftd  in  a  strong  vessel  to  a  temperatm-e  above 
that  of  _  the  ordinary  boiling  point,  its  solvent  powers  ai-e  still 
fm-ther  increased.  Dr.  Turner  enclosed  in  the  upper  part  of  a  high- 
pressure  steam-boiler,  worked  at  149°  C.  (300°  F.),  pieces  of  plate  and 
crown  glass.  At  the  expiration  of  foiu'  months  the  glass  was  found 
completely  corroded  by  the  action  of  the  water  ;  what  remained  was 
a  white  mass  of  silica,  destitute  of  alkali,  while  stalactites  of  siliceous 
matter,  above  an  inch  in  length,  depended  fi-om  the  little  wire  cage 
which  enclosed  the  glass.  TMs  experiment  tends  to  illustrate  the 
changes  which  may  be  produced  by  the  action  of  water  at  a  high  tern- 
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peratiu-e  iu  the  interior  of  the  earth  upon  felspathic  and  other  rocks. 
The  phenomenon  is  manifest  in  the  Geyser  springs  of  Iceland,  which 
deposit  siliceous  sinter. 

Hydrogen  Dioxide,  H2O0,  sometunes  called  Oxygenated  water, 
is  an  exceedingly  interesting  substance,  but  very  difficult  of  prepara- 
tion. It  is  formetl  by  diss'olving  barium  dioxide  in  dilute  hydi'o- 
chloric  acid  carefully  cooled  by  ice,  and  then  precipitating  the  barium 
by  sulphuric  acid ;  the  excess  of  oxygen  of  the  dioxide,  instead  of 
being  disengaged  as  gas,  unites  with  a  portion  of  the  water,  and  con- 
verts it  into  hydrogen  dioxide.  This  treatment  is  repeated  with  the 
same  solution  and  fresh  portions  of  the  bariiini  dioxide,  until  a  con- 
siderable quantity  of  the  latter  has  been  consiuned,  and  a  correspond- 
ing amount  of  hydrogen  dioxide  formed.  The  liquid  yet  contains 
hycbochloric  acid,  to  get  rid  of  which  it  is  treated  in  succession  with 
silver  sulphate  and  baryta-water.  The  whole  .process  requires  the 
utmost  care  and  attention.  The  barium  dioxide  itself  is  prepared  by 
exposing  piu-e  baryta,  contained  in  a  red-hot  porcelain  tube,  to  a  stream 
of  o.xygen.  The  solution  of  hydrogen  dio.xide  may  be  concentrated 
under  the  air-pump  receiver  until  it  acquires  the  specific  gravity  of 
1-45.  In  this  state  it  presents  the  aspect  of  a  coloiuiess,  transparent 
iuodorous  liquid,  possessing  remarkable  bleaching  powers.  It  is  very 
prone  to  decomposition ;  the  least  elevation  of  temperatiu'e  causes 
effervescence,  due  to  the  escape  of  oxygen  gas;  near  100°  it  is 
decomposed  with  explosive  violence.  Hydrogen  dioxide  contains 
exactly  twice  as  much  oxygen  as  water,  or  16  parts  to  one  part  of 
hydrogen. 


NITROGEN'. 

Atomic  weight,  14;  symbol,  N. 

Nitrogen*  constitutes  about  four-fifths  of  the  atmosphere,  and 
enters  into  a  great  variety  of  combinations.  It  may  be  prepared 
by  several  methods.  One  of  the ,  simplest  of  these  is  to  burn  out 
the  oxygen  from  a  confined  portion  of  air  by  phosphorus,  or  by  a 
jet  of  hydrogen. 

A  small  porcelain  capsule  is  floated  on  tfche  water  of  the  iDneu- 
matic  trough,  and  a  piece  of  phosphorus  is  placed  in  it  and  set  on 
tire.  A  bidl-jar  is  then  inverted  over  the  whole,  and  suft'ered  to 
rest  on  the  shelf  of  the  trough,  so  as  to  project  a  little  over  its  edge. 
At  first  the  heat  causes  expansion  of  the  air  of  the  jar,  and  a  few 
bubbles  are  expelled,  after  which  the  level  of  the  water  rises  con- 
siderably. When  the  phosphorus  becomes  extinguished  by  exhaus- 
tion of  the  oxygen,  and  time  has  been  given  for  the  subsidence  of 

*  i.e.,  Generator  of  nitre  ;  also  called  yl«o<e,  from  «,  iDrivative,  and  f  tuj;,  life. 
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Fig.  99. 


S'thrrlli,^r^^  divided  snow-like  phosphoric  oxide  which  floats 
m  the  residual  gas,  the  nitrogen  may  be  transferred  into  another 

vessel,  and  its  properties  ex- 
amined. 

Prepared  by  the  foregoing  pro- 
cess, nitrogen  is  contaminated 
with  a  little  vapour  of  phos- 
phorus, which  communicates  its 
peculiar  odour.  A  preferable 
method  is  to  fill  a  porcelain  tube 
with  turnings  of  copper,  or,  still 
better,  with  the  spongy  metal 
ol)tained  by  reducing  the  oxide 
with  hydrogen ;  to  heat  this  tube 
to  redness;  and  then  pass  through 
it  a  slow  stream  of  atmospheric 
-  -.  air,  the  oxygen  of  which  is  en- 

tirely removed,  during  its  pro- 
1 1    ■  ,  ,         gi'ess,  by  the  heated  copper. 

It  chlorine  gas  be  passed  into  solution  of  ammonia,  the  latter 
substance,  which  is  a  compound  of  nitrogen  with  hydroc^en  is 
decomposed;  tJie  cMorine  combines  with  the  hycbogen,  and  the 
nitogen  is  set  fi-ee,  ^vith  etFervescence.    In.this  manner  very  pure 

sa  w  rj'""      "^^'T'^-    ^'^  experiment,  it  is  neces- 

saiy  to  stop  short  of  saturating  or  decomposing  the  whole  of  the 

fn3o°tr'  there  will  be  great  risk  of  accident  fi-om  the 

toimation  of  an  exceedmgly  dangerous  explosive  compound,  pro- 
duced by  the  contact  of  chlorine  with  an  ammoniacal  salt 

Another  very  easy  and  perfectly  safe  method  of  obtaining  pure 

^mm^lZ  l?l  a  «°l^^tm^        potassium  nitrite  with 

l^Z  ZZ  (sal-ammoniac).    The  potassium  nitrite  is  pre- 

E;  n^.^       -^1*^' '.f """If  ™'     nitrous  acid,  obtained  by  hea  ing 

homL  fC      ^  ^  of  ^^^'^^^  potash.  On 

boilmg  the  resulting  solution  with  sal-ammoniac,  nitro-en  eras  is 


KNO,  +     NH^Cl    =    KCl    +    2H,0  + 

Potassium         Wat;r.  Kitro'fren 
nitute.  clilonde.  chloride.  • 


T  ^!  ''estit^te  of  colour,  taste,  and  odour ;  it  is  a  little 

lighter  than  air,  its  density  being  0-972.  A  liter  of  the  c^as  at  0°  C 
and  760  mm.  barometric  pressure  weighs  1 -25658  gram  100  cubic 
inches,  at  _  60°  F.  and  30  inches  barometer,  weU  30-14  ^rain. 
Nitrogen  is  incapable  of  sustaining  combustion  or  animal  life! 
although,  like  hydrogen,  it  has  no  positive  poisonous  properties 
neither  IS  It  soluble  to  any  notable  extent  in  ^yater  ofin  caustic 
axKaii;  It  IS,  in  tact,  best  characterised  by  negative  properties. 
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Atmospheric  Air. — The  exact  composition  of  the  atmosphere  has 
repeatedly  been  made  the  subject  of  experimental  research.  Besides 
niti'o^''en  and  oxygen  the  au-  contains  a  little  carbon  dioxide  (carbonic 
acid),  a  very  variable  proportion  of  aqueous  vapour,  a  trace  of  am- 
monia, and,  "perhaps,  a  little  carburetted  hydrogen.  The  oxygen  and 
nitrogen  are  in  a  state  of  mixture,  not  of  combination,  yet  their  ratio  is 
always  imiform.  Air  has  been  brought  from  lofty  Alpine  heights,  and 
compared  with  that  fronr  the  plains  of  Egypt ;  it  has  been  brought 
from  an  elevation  of  21,000  feet  by  the  aid  of  a  balloon  ;  it  has  been 
collected  and  examined  in  London  and  Paris,  and  many  other  places  ; 
stUl  the  proportion  of  oxygen  and  nitrogen  remains  unaltered,  the 
diflusive  energy  of  the  gases  being  adequate  to  maintain  this  per- 
fect uniformity  of  mixture.  The  carbon  dioxide,  on  the  contrary, 
being  much  influenced  by  local  causes,  varies  considerably.  In  the 
followiag  table  the  proportions  of  oxygen  and  nitrogen  are  given  on 
the  authority  of  Dumas,  and  the  carbon  dioxide  on  that  of  De  Saus- 
sure :  the  ammonia,  the  discovery  of  which  in  atmospheric  air  is 
due  to  Liebig,  is  too  small  in  quantity  for  direct  estimation. 

Composition  of  the  Atmosphere. 

By  weight.  By  measure. 

Nitrogen,  77  parts  79'19 

Oxygen,  23    „  20-81 

100  100-00 

Carbon  dioxide,  from  3-7  measures  to  6*2  measures  ia  10,000 
measures  of  air. 

Aqueous  vapour  variable,  depending  much  upon  the  tempera- 
ture. 

Ammonia,  a  trace. 

Dr.  Frankland  has  analysed  samples  of  air  taken  by  himself  in 
the  valley  of  Chamouni,  on  the  summit  of  Mont  Blanc,  and  at  the 
Grands  Mulets.    The  following  are  the  results  of  his  analyses  : — 

Carbon  Dioxide.  O.^ygen. 
Chamouni  (3000  feet),  .  .  0-063  20-894 
Grands  Mulets  (11,000  feet),  .  0-111  20-802 
Mont  Blanc  (15,732  feet),      .       0-061  20-963 

A  liter  of  pure  and  dry  air  at  0°  C.  and  760  mm.  pressure  weighs 
1-29366  gi-ams.  100  cubic  inches  at  60°  F.  and  30  inches  barom. 
weigh  30-935  grains :  hence  a  cubic  foot  weighs  536-96  grains, 
which  is  of  the  weight  of  a  cubic  foot  of  water  at  the  same 
temperature. 

The,  analysis  of  air  is  very  well  effected  by  passing  it  over  finely 
divided  copper  contained  in  a  tube  of  hard  glass,  carefully  weighed 
and  then  heated  to  redness :  the  nitrogen  is  suffered  to  flow  into  an 
exhausted  glass  globe,  also  previously  weighed.    The  increase  in 
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weight  of  the  copper  after  the  experiment  gives  the  amount  oi 
oxygen,  and  the  increase  in  weight  of  the  exhausted  globe  gives 
the  nitrowen  °  ° 


Fig.  100. 


An  easier,  but  less  accurate  method,  consists  in 
introducing  into  a  graduated  tube,  standing  over 
water,  a  known  quantity  of  the  air  to  be  examined, 
and  then  passing  into  the  latter  a  stick  of  phosphorus 
affixed  to  the  end  of  a  wii-e.  The  whole  is  left  about 
twenty-foui-  hoiu-s,  during  which  the  oxygen  is  slowly 
but  completely  absorbed,  after  which  the  phosphoinis 
is  withdrawn,  and  the  residual  gas  read  off. 

Liebig  proposed  the  use  of  an  alkaliue  solution 
of  pyrogallic  acid  (a  substance  which  will  be  de- 
scribed in  the  department  of  organic  chemistry)  for 
the  absorption  of  oxygen.  The  absorptive  power  of 
such  a  solution,  which  tm-ns  deep  black  on  coming 
in  contact  with  the  oxygen,  is  very  considerable. 
Liebig's  method  combines  great  accuracy  -nith  im- 
usual  rapidity  and  facility  of  execution. 

Another  plan  is  to  mix  the  au-  with  hydrogen  and 
pass  an  electric  spark  through  the  mixtui-e  :  after 
exj)losion  the  volume  of  gas  is  read  oif  and  com- 
pared with  that  of  the  m  employed.    Since  the  analysis  of  gaseous 
botUes  by  explosion  is  an  operation  of  great  importance,  it  may  be 
Fig.  101.  worth  while  to  describe  the 

process  in  detail,  as  it  is  appli- 
cable, with  certain  obvious 
variations,  to  a  number  of 
analogous  cases. 

Instrimients  for  this  pm-pose 
are  called  eudiometers.  The 
simplest,  and,  on  the  whole, 
the  most  convenient,  consists 
of  a  straight  graduated  glass 
tube  (fig.  101)  closed  at  the 
top,  and  ha^^ug  platinum  wires 
inserted  near  the  closed  end, 
to  give  passage  to  an  electric 
spark.  This  tube  is  filled  M  ith 
mercmy,  and  inverted  in  a 
mercurial  imeumatic  trough. 

For  the  analysis  of  air,  a 
quantity  suflicient  to  fiU  about 
one-sixth  of  the  tube  is  intro- 
duced, and  its  volume  accu- 
.  rately  ascertained  by  reading 

oil  with  a  telescope  the  number  of  divisions  on  the  tube  "to  which 
the  mercury  reaches,  whilst  the  height  of  the  column  of  mercmy  in 
the  tube  above  the  trough,  together  with  that  of  the  barometer,  and 
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the  temperature  of  the  aii-,  are  also  read  off.  A  quantity  of  pure 
hydrogen  gas  is  now  added,  more  than  sufficient  to  unite  witli  all 
the  o.xygen  present  (about  half  the  volume  of  the  air);  and  the 
vohime  of  the  gas  and  the  pressure  exerted  upon  it,  are  determined 
as  before.  An  electric  spai-k  isnow  passed  tkrough  the  mixtiu-e,  care 
being  taken  to  prevent  any  escape,  by  pressing  the  open  end  of  the 
eudiometer  against  a  piece  of  sheet  caoutchouc  under  the  merciuy  in 
the  trough.  "After  the  explosion,  the  volume  is  again  determined, 
and  is  found  to  be  less  than  that  before  the  explosion.  The  volume 
of  o-as  read  off  must  in  each  case  be  reduced  to  standard  pressiu-e  and 
temperature  by  the  method  already  given  (p.  30). 

Now,  since  the  hydrogen  is  ru  excess,  and  2  volumes  of  that  gas 
unite  with  1  volume  of  oxygen  to  form  water,  one-third  of  the 
diminution  must  be  the  volume  of  the  oxygen  contained  m  the  air 
introduced.    An  example  will  render  this  clear : — 

Air  rati-oduced,  100  measures. 


Air  and  hydrogen,  .  .  .  .  160 
"Volume  after  explosion,        ...  97 


Diminution,  .....  63 

-—  =  21  =  oxygen  in  the  100  measures. 


Compounds  of  Nitrogen  and  Oxygen. 

There  are  five  distinct  compounds  of  rdtrogen  and  oxygen,  thus 
named  and  constituted : — 

Composition. 


By  weipcht  By  volume. 

Foimula.      Nitrogen.   Oxygen.  Nitrogen.  Oxygen. 

Monoxide,  .    .    .       N^O  28  16  2  1 

Dioxide,      .    .    .       NjO.^  or  NO    28  32  2  2 

Tiioxide,  or  Nitrous  )  ^^^^  28  48  2  3 


oxide,      .    .  , 

Teti-oxidc,    .    .    .     ■N204orNO.,    28  64  2  4 

^'oxidi''''  °'  !  ^^^r.         "    28  80  2  5 

A  comparison  of  these  numbers  will  show  that  the  quantities  of 
oxygen  which  unite  with  a  given  quantity  of  nitrogen  are  to  one 
another  in  the  ratio  of  the  numbers  1,  2,  3,  4,  5. 

The  first,  tlurd,  and  fifth  of  the  compounds  in  the  table  are 
capable  of  taking  up  the  elements  of  water  and  of  metallic  oxides 
to  form  salts  (p.  12.3),  called  respectively  hyponitritcs,  nitrites, 
and  nitrates,  the  hydrogen  salts  being  also  called  hyponitrou.s, 
nitrous,  and  nitric  acid. 
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The  composition  of  these  acids  and  of  their  potassium  salts  is 
represented  by  the  following  formula  : — 

Hydrogen  hyponitrite,  or  Hyponitrons  acid,  HaO.NjO  or  HNO 
i^otassium  hyponitrite,    ....       K^O.NaO   or  KNO 

Hydrogen  nitrite,  or  Nitrous  acid,  .  H„0.N,03  or  HNO., 
Potassium  nitrite,  ....       KgO-N^Oa  or  KNOj 

Hydrogen  nitrate,  or  Nitric  acid,  .       HjO.NjOg  or  HNO, 

Potassium  nitrate,  ....       K2O.N2O3  or  KNO3 

The  dioxide  and  tetroxide  of  nitrogen  do  not  form  salts. 

It  will  be  convenient  to  commence  the  description  of  these  com- 
pounds with  the  last  on  the  list,  viz.,  the  pentoxide,  as  its  salts,  the 
nitrates,  are  the  sources  from  which  all  the  other  compounds  in  the 
series  are  obtained. 

Nitrogen  Pentoxide,  or  Nitric  Oxide,  N2O5.  (also  called 
Anhydrous  Nitric  Add,  or  Nitric  Anhydride.) — This  compoimd 
was  discovered  in  1849  by  Deville,  who  obtaiaed  it  by  ex- 
posing silver  nitrate  to  the  action  of  chlorine  gas.  Chlorine  and 
silver  then  combine,  forming  silver  chloride,  which  remains  in  the 
apparatus,  whUe  oxygen  and  nitrogen  pentoxide  separate : 

Ag^O.NgOg  +  CI2  =  2AgCl  +  N2O5. 

It  may  also  be  j)repared  by  slowly  distilling  pure  and  highly  con- 
centrated nitric  acid  at  a  blood-heat  with  phosphoric  oxide,  a  sub- 
stance which  has  a  very  powerful  attraction  for  water.  The 
distillate  consists  of  two  layers  of  liquid,  the  upper  of  which  is 
nitrogen  pentoxide  mixed  with  nitrous  and  nitric  acids ;  and  on 
separating  this  upper  layer,  and  cooHng  it  with  ice  or  a  fi-eezing 
mixture,  the  pentoxide  separates  in  crystals. 

Nitrogen  pentoxide  is  a  colomiess  substance,  crystallising  in  six- 
sided  prisms,  which  melt  at  30°,  and  boil  between  45°  and  50°,  when 
they  begin  to  decompose.  Its  specific  gravity  in  the  soKd  state  as 
above  1-64;  in  the  liquid  state  below  1-636.  ■  Nitrogen  pentoxide 
sometimes  explodes  spontaneously.  It  dissolves  in  water  with 
great  rise  of  temperature,  forming  hydrogen  nitrate  or  nitric  acid. 
It  also  unites  with  a  smaller  proportion  of  water,  formuig  the  hemi- 
hydrate  SNgOj.HjO,  which  constitutes  the  chief  part  of"  the  loM-er 
layer  of  the  distillate  obtained  in  the  manner  just  described.  It  is 
liquid  at  ordinary  temperatures,  but  crystallises  in  a  freezhig  mix- 
ture. 

Nitrates— Nitric  Acid.— In  certain  parts  of  India,  and  in 
other  hot  dry  climates  where  rain  is  rare,  the  surface  of  the  soil  is 
occasionally  covered  by  a  saHne  effloresence,  like  that  sometimes 
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apparent  on  newly  plastered  walls  ;  this  substance  collected,  dis- 
solved in  hot  water,  and  crystallised  from  the  filtered  solution, 
furnishes  the  highly  imjjortant  salt  known  in  commerce  as  nitre  or 
saltpetre,  and  consisting  of  potassium  nitrate.  To  obtain  nitric 
acid,  e(pial  weights  of  powdered  nitre  and  strong  sulphuric  acid  are 
introduced  into  a  glass  retort,  and  heat  is  applied  by  means  of  a 
gas-lamp  or  charcoal  chauffer.  A  flask,  cooled  by  a  wet  cloth,  is 
adapted  to  the  retort  to  serve  for  a  receiver.  No  luting  of  any  kind 
must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise 
disappear,  but  towards  the  end  of  the  process  they  again  become 
manifest.  AVlien  this  happens,  and  very  little  liquid  passes  over, 
while  the  greater  part  of  the  saline  matter  of  the  retort  is  in  a  state 
of  tranquil  fusion,  the  operation  may  be  stopjjed ;  and  when  the 
retort  is  quite  cold,  water  may  be  introduced  to  dissolve  out  the 
saline  residue.  The  reaction  consists  in  an  interchange  between  the 
potassium  of  the  nitre  and  half  the  hydrogen  of  the  sulphiuic  acid 
(hyiU'ogen  suljihate),  whereby  there  are  formed  hydrogen  nitrate 
which  distils  over,  and  hydrogen  and  potassium  sulphate  which  re- 
mains in  the  retort. 

KNO3    +    H2SO4    =    HNO3    +  HKSO4 

Potassium  Hydrogen  Hydrogen         Hydrogen  and 

nitrate.  sulplrate.  nitrate.        potassium  sulpliate. 

In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass 
retort  is  replaced  by  a  cast-iron  cylinder,  and  the  receiver  by  a 
series  of  earthen  condensing  vessels  connected  by  tubes.  Sodium 
nitrate,  found  native  in  Peru,  is  now  generally  substituted  for  potas- 
sium nitrate. 

Nitric  acid  thus  obtained  has  a  specific  gravity  of  from  1"5  to 
1-52  ;  it  has  a  golden-yellow  colour,  due  to  nitrogen  trioxide,  or 
tetroxide,  which  is  held  in  solution,  and,  when  the  acid  is  diluted 
with  water,  gives  rise  by  its  decomposition  to  a  disengagement  of 
nitrogen  dioxide.  Nitric  acid  is  exceedingly  corrosive,  staining  the 
skin  deep  yellow,  and  causing  total  disorganisation.  Poured  upon 
rerl-hot  powdered  charcoal,  it  causes  brilliant  combustion ;  and  when 
added  to  warm  oil  of  turpentine,  acts  upon  that  substance  so  ener- 
getically as  to  set  it  on  fire. 

Pure  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by 
mixing  the  above  with  about  an  equal  quantity  of  strong  sulphuric 
acid,  redistilling,  coUectin"  apart  the  first  portion  which  comes  over, 
and  exposing  it,  in  a  vessel  slightly  warmed  and  sheltered  from  the 
light,  to  a  current  of  dry  air  made  to  bubble  through  it,  which  com- 
pletely removes  the  nitrous  acid.  In  this  state  the  product  is  as 
colourless  as  water  ;  it  has  the  sp.  gr.  1-517  at  15-5°  (60°  F.),  boils 
at  84'.5°  (184°  F.),  and  consists  of  54  parts  nitrogen  jjentoxide  and  9 
parts  water.  Although  nitric  acid  in  a  more  dilute  form  acts  very 
violently  upon  many  metals,  and  upon  organic  substances  generall}", 
this  is  not  the  case  with  the  most  concentrated  acid :  even  at  a  boil- 
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ing  heat,  it  refuses  to  attack  iron  or  tin  ;  and  its  mode  of  action  on 
ligniu,  starcli,  and  similar  substances,  is  quite  peculiar,  and  very 
much  less  energetic  than  that  of  an  acid  containing  more  water. 

On  boiling  nitric  acid  of  different  degrees  of  concentration,  at  the 
ordinary  atmospheric  pressure,  a  residue  is  left,  boiling  at  120-5°  and 
29  inches  barometer,  and  having  the  sp.  gr.  1-414  at  15-5°.  This 
acid  was  formerly  supposed  to  be  a  definite  compound  of  nitric  acid 
with  water  ;  but  Eoscoe  has  recently  j)roved  this  assiunption  to  be 
incorrect,  the  composition  of  the  acid  varying  according  to  the  pres- 
sure under  which  the  liquid  boils. 

The  nitrates  form  a  very  extensive  and  important  group  of  salts, 
which  are  remarkable  for  being  all  soluble  in  water.  Hydrogen 
nitrate  is  of  great  use  in  the  laboratory,  and  in  many  branches  of 
industry. 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces 
of  chlorine  from  common  salt  in  the  nitre,  and  sometimes  of  sulphate 
from  accidental  splashing  of  the  pasty  mass  in  the  retort.  To  dis- 
cover these  impurities,  a  portion  is  diluted  with  four  or  five  times 
its  bulk  of  distilled  water,  and  divided  between  two  glasses.  Solu- 
tion of  silver  nitrate  is  dropped  into  the  one,  and  solution  of  barium 
nitrate  into  the  other  ;  if  no  change  ensue  in  either  case,  the  acid  is 
free  from  the  impurities  mentioned. 

Nitric  acid  has  been  formed  in  small  quantity,  by  passing  a  series 
of  electric  sparks  through  a  portion  of  air  in  contact  with  water  or 
an  alkaline  solution.  The  amount  of  acid  so  formed  after  many 
hours  is  very  minute  ;  still  it  is  not  impossible  that  powerful  dis- 
charges of  atmospheric  electricity  may  sometimes  occasion  a  trifling 
production  of  nitric  acid  in  the  air.  A  very  minute  quantity  of 
nitric  acid  is  produced  by  the  combustion  of  hydrogen  and  other 
substances  in  the  atmosphere;  it  is  also  formed  by  the  oxidation  of 
ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  in  small  quantities 
as  many  other  acids.  Owing  to  the  solubility  of  all  its  compounds, 
no  precipitant  can  be  found  for  this  acid.  A  good  mode  of  testing  it 
is  based  upon  its  power  of  bleaching  a  solution  of  indigo  in  sulphuric 
acid  when  .boiled  with  that  liquid.  The  absence  of  chlorine  must 
be  insured  in  this  experiment  by  means  which  wiU.  hereafter  be 
described  ;  otherwise  the  result  is  equivocal. 

The  best  method  for  the  detection  of  nitric  acid  is  the  following  : 
— The  substance  to  be  examined  is  boUed  with  a  small  quantity  of 
water,  and  the  solution  cautiously  mixed  with  an  equal  volume  of 
concentrated  sulphuric  acid;  the  liquid  is  then  allowed  to  cool,  and 
a  strong  solution  of  ferrous  sulphate  carefully  pom-ed  upon  it,  so  as 
to  form  a  separate  layer.  If  large  quantities  of  nitric  acid  are  pre- 
sent, the  surface  of  contact  first,  and  then  the  whole  of  the  liquid, 
becomes  black.  If  but  small  quantities  of  nitric  acid  are  present, 
the  liquid  becomes  reddish-brown  or  purple.  The  ferrous  sulphate 
reduces  the  nitric  acid  to  nitrogen  dioxide,  which,  dissolving  in  the 
solution  of  ferrous  sulphate,  imparts  to  it  a  dark  colour. 
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Nitrogen  Monoxide,  NgO  (sometinies  called  iViVrotts  Oxide;  also 
Laughinij    Gas.) — Wlieu    solid  ammoBium 
nitrate  is  heated  iu  a  retort  or  flask*  (fig.  102),  Fie- 102. 

furnished  with  a  i^eiiorated  cork  and  bent 
tube,  it  is  resolved  into  water  and  nitrogen 
monoxide,  NH,N03=2H,0  +  N20. 

No  jDarticular  precaution  is  reqxm'ed  in 
the  operation,  save  due  regulation  of  the  heat, 
and  the  avoidance  of  tuninltiious  disengage- 
ment of  the  gas. 

Nitrogen  monoxide  is-  a  colourless,  trans- 
parent, and  abnost  inodorous  gas,  of  distinctly 
sweet  taste.  Its  specific  gra\dty  is  1'525  ;  a 
litre  of  it  weighs  r97172  gram;  100  cubic 
inches  weigh  47  "29  grains.  It  supjiorts  the 
combustion  of  a  taper  or  a  piece  of  phos- 
phorus with  almost  as  much  energy  as  pure 
oxygen :  it  is  easily  distinguished,  however, 
from  that  gas  by  its  solubiUty  in  cold  water, 
which  dissolves  nearly  its  own  volume: 
hence  it  is  necessary  to  use  tepid  water  in  the  pneumatic  trough 
or  gas-holder,  otherwise  great  loss  of  gas  will  ensue. 

Gaseous  nitrogen  monoxide  mixed  with  an  equal  volume  of  hydro- 
gen, and  fired  by  the  electric  spark  in  the  eudiometer,  explodes 
with  violence,  and  liberates  its  own  measm-e  of  nitrogen.  Every 
two  volumes  of  the  gas  must  consequently  contain  two  volumes 
of  nitrogen  and  one  volume  of  ozygen,  the  whole  condensed 
or  contracted  one-thu-d — a  constitution  resembling  that  of  vapour 
of  water. 

The  most  remarkable  property  of  this  gas  is  its  iutoxicating  power 
upon  the  animal  system.  If  quite  pm-e,  or  merely  mixed  with  atmo- 
spheric air,  it  may  be  respired  for  a  short  time  without  danger  or  incon- 
venience. The  effect  is  veiy  transient,  and  is  not  followed  by  depres- 
sion.   The  gas  is  now  much  used  as  an  anesthetic  in  dental  surgery. 

Nitrogen  monoxide  has  been  liquefied,  but  with  difl^culty ;  "it 
requires,  at  45°  F.  (7-2°C.),  a  pressure  of  50  atmospheres  :  the  liquid 
monoxide  has  a  specific  gravity  of  0-9004  ;  it  is  not  miscible  with 
water.  Faraday  solidified  it  by  exposing  it  in  a  sealed  tube  to  the 
cold  produced  by  a  mixture  of  solid  carbonic  acid  and  ether,  but  he 
supposed  that  it  could  not  be  solidified  by  the  cold  produced  by  its 
own  evaporation.  This,  however,  may  be  effected  if  the  evaporation 
be  accelerated  by  a  strong  current  of  air.    A  very  fine  steel  tube  is 

*  Florence  oil-flask.s,  which  may  be  purcliased  at  a  very  trilling  siini,  con- 
.■ititute  exceedingly  useful  vessels  for  chemical  purposes,  and  often  supersede 
retorts  or  other  expensive  apparatus.  They  are  rendered  still  more  valuable 
t>y  cutting  the  neck  smoothly  round  with  a'hot  iron,  softening  it  in  the  Hame 
01  a  goocl  Argand  gas-lamp,  or  Bunsen  burner,  and  then  turning  over  the  edge 
so  as  to  lorni  a  lip  or  border.  The  neck  will  then  bear  a  tightly-fitting  cork 
without  risk  of  splitting. 
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directed  into  the  axis  of  a  thin  brass  cone,  having  a  small  openint- 
about  the  eighth  of  an  inch,  at  its  apex.  On  causing  a  stream  of  the 
hquid  to  issue  from  the  jet,  it  is  retained  in  the  cone  for  a  moment, 
and  then  forcibly  blown  out  at  the  apex,  together  with  a  strong 
sti'eam  ol  air.  The  solid  is  in  this  way  formed  in  some  quantity^ 
and  may  be  coUected  in  a  dish  lined  \\'ith  filter-paper,  or  other  suit- 
able vessel.  Solid  nitrogen  monoxide  is  more  compact  in  appear- 
ance than  sohd  carbonic  acid,  and,  unlike  the  latter,  it  melts  and 
boils,  it  gently  warmed,  before  passing  into  the  gaseous  state  :  hence 
it  placed  in  contact  with  the  skin,  it  produces  a  painful  blister,  like 
a  burn.  The  melting  or  freezing  point  of  the  monoxide  is  —  120°  F. 
or  -  99°  C,  and  its  boiling  pomt  -109°  F.  or -92°  C.  It  is  the 
proximity  of  the  boiling  and  freezing  points  which  renders  it  pos- 
sible to  fi-eeze  the  liquid  by  simply  blowing  air  through  it.* 

Hyponitrous  Acid,  NjCH^O,  or  HNO.— When  a  solution  of 
sodium  nitrate,  NaNOg,  or  ammonium  nitrate,  NH^.NOg,  is  treated 
with  sodium  amalgam  (a  compound  of  sodium  and  mercury),  the 
nitrate  gives  up  2  atoms  of  oxygen  to  the  sodium,  and  is  reduced  to 
hyponitrite,  NaNO.  On  neutralising  the  excess  of  alkali  in  the 
liquid,  by  adding  acetic  acid  till  the  solution  no  longer  gives  a 
brown  or  black  precipitate  (of  silver  oxide)  -svith  silver  nitrate,  a 
solution  of  sodium  hyi^oiiitrite  is  obtained,  which  is  alkaline  to 
test-paper,  and  gives  with  silver  nitrate  a  yeUow  precipitate  of 
silver  hyponitrite,  AgNO.  When  the  original  alkaline  Uquid  is 
acidified  with  acetic  acid,  and  heated,  the  hyponitrous  acid  is 
resolved  into  water  and  nitrogen  monoxide,  which  escapes  as  eras 
2HN0  =  H,0-f  NoO.t  i         o  ' 

Nitrogen  Dioxide,  N^Og  or  NO  (sometimes  called  Nitric  Oxide.) 
—Clippings  or  turnings  of  copper  are  put  into  the  apparatus 
employed  for  preparing  hydrogen  (p.  129),  together  with  a  Uttle 
water,  and  nitric  acid  is  added  by  the  funnel  until  brisk  efferves- 
cence is  excited.  The  gas  may  be  collected  over  cold  water,  as  it 
is  not  sensibly  soluble. 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid 
by  the  copper :  the  metal  is  oxidised,  and  the  oxide  so  formed  is 
dissolved  by  another  portion  of  the  acid,  forming  copper  nitrate. 
Nitric  acid  is  very  prone  to  act  thus  upon  certain  metals  :  

8HNO3  +  Cuj  =  N2O2  +  3Cu(N03)„  +  4H„0. 

Nitnc  Acid.  Copper  nitrate.' 

The  gas  obtainecl  in  this  manner  is  colourless  and  transparent : 
in  contact  with  air  or  oxygen  gas  it  produces  deep  red  fumes' 
which  are  readily  absorbed  by  water  :  this  character  is  sufficient 
to  &istmguish  it  from  aU  other  gaseous  bodies.    A  lighted  taper 

*  Wills,  Chem.  Soc.  Jour.  1874,  p.  21. 

t  Divers,  Proceedings  of  tlie  Eoyal  Society,  xix.  425;  Chem.  Soc.  Journ., 
1871,  p.  484. 
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plunged  into  the  gas  is  extinguislied ;  liglited  phospliorus,  how- 
ever J  >urns  in  it  with  great 'brilliaiicy. 

The  specific  gravity  of  nitrogen  dioxide  is  1-039  ;  a  litre  weighs 
1-34343  grams."  It  contains  equal  measiu'es  of  oxygen  and  nitro- 
gen gases  united  without  condensation.  When  this  gas  is  passed 
mto  the  solution  of  a  ferrous  salt,  it  is  absorbed  in  large  quantity, 
and  a  deep  brown,  or  nearly  black  liquid  i^roduced,  wliich  seems 
to  he  a  definite  compound  of  the  two  substances  (p.  160).  The 
compound  is  decomposed  by  boiling. 

Nitrogen  Trioxide,  or  Nitrous  Oxide,  N2O3.  —  When  four 
measures  of  nitrogen  dioxide  are  mixed  with  one  measure  of  oxygen, 
and  the  gases,  perfectly  diy,  are  exposed  to  a  temperature  of  - 18°, 
they  condense  to  a  thin  mobile  blue  liquid,  which  emits  orange-red 
vapom-s.  . 

Nitrogen  trioxide,  sufliciently  pure  for  most  purposes,  is  obtamed 
by  pour'mg  concentrated  nitric  acid  on  lumps  of  arsenious  acid,  and 
gently  warming  the  mixtui'e,  in  order  to  start  the  reaction.  The  tri- 
oxide is  then  evolved  as  an  orange-red  gas,  arsenic  acid  remaining 
behind. 

Nitrogen  trioxide  is  decomposed  by  water,  being  converted  mto 
nitricacidand  nitrogen  dioxide :  BN^Og-t-  H^O  =  2HNO3  +  2N202._  For 
this  reason  it  cannot  be  made  to  unite  directly  with  metallic  oxicles ; 
potassimn  nitrite  may,  however,  be  prepared  by  fusing  potassiiim 
nitrate,  whereby  part  of  its  oxygen  is  driven  off ;  and  many  other  salts 
of  nitrous  acid  may  be  obtained  by  indirect  means.  Thus  a  solution 
of  potassium  or  sodium  nitrite  may  be  prepared  by  passing  the  vapoui' 
of  nitrogen  trioxide,  obtained  as  above  by  heating  nitric  acid  with  arse- 
nious  acid  (or  with  starch),  into  a  solution  of  caustic  potash  or  soda. 

Nitrogen  Tetroxide,  N^O^  or  NOg  also  called  Nitric  Peroxide  — 
This  is  the  prmcipal  constituent  of  the  deep  red  fumes  always 
produced  when  nitrogen  dioxide  escapes  into  the  air. 

It  may  be  obtained  in  the  pure  state  :— 1.  By  exposing  a  mixture 
of  2  vols,  nitrogen  dioxide  and  1  vol.  oxygen  incorporated  by 
passing  through  a  tube  filled  with  broken  porcelain,  and.  thoroughly 
dried  by  transmission  over  pumice  soaked  in  oil  of  vitriol  and  then 
over  recently  fused  stick  potash,  to  the  action  of  a  freezing  mixture 
of  .salt  and  ice;  the  tetroxide  condenses  in  transparent  crystals,  or  if 
the  slightest  trace  of  moisture  is  present,  into  an  ahnost  colourless 
liquid.  2.  By  the  direct  combination  of  oxygen  with  the  trioxide, 
as  when  a  stream  of  oxygen  is  passed  into  the  mixture  of  the 
trioxide  and  other  oxides  of  nitrogen  evolved  by  the  action  of  fuming 
nitric  acid  on  arsenious  acid.  The  liquid  tetroxide  thus  obtainecl  is 
pure  enough  for  most  purposes  after  one  distillation.  3.  By  heating 
thoroughly  dried  lead  nitrate  in  a  retort,  whereby  a  mixture  ot 
the  tetroxide  and  oxygen  is  evolved,  the  former  of  which  may  be 
condensed  as  above,  while  the  latter  passes  on  : 

(N03)2  Pb  =  PbO  4-  0  -1-  N2O,,. 
F0WNE8. — VOL.  I.  I- 
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The  first  portions  of  nitrogen  tetroxide  thus  obtained  do  not  solidii^^, 
doubtless  owing  to  the  presence  of  a  trace  of  moisture,  but  if  the 
receiver  be  changed  in  the  midst  of  the  operation,  and  if  every  care 
has  been  taken  to  avoid  moistui-e,  the  later  portions  may  be  obtained 
in  the  crystalline  form. 

Nitrogen  tetroxide  at  very  low  temperatures  forms  transparent, 
colourless,  .prismatic  crystals  which  melt  at -9°,  but  when  once 
melted  do  not  resolidify  till  cooled  down  to  -  30°.  Above  -  9°  it 
forms  a  mobUe  liquid  of  specific  gravity  1-451,  the  appearance  of 
which  varies  greatly  accordhig  to  the  temperature.  When  stiU 
liquid  below  -  9°,  it  is  almost  colourless  ;  at  -  9°  it  has  a  perceptible 
greemsh-yellow  tint ;  at  0°  the  colour  is  somewhat  more  marked  ; 
at  10°  it  is  decidedly  yeUow  ;  and  at  15°  and  upwards,  orange-yellow, 
the  depth  of  colour  increasing  progressively  with  the  temperature 
up  to  22°,  the  boUing  point  of  the  liquid.  The  vapour  has  a  brown- 
red  colour,  the  depth  of  which  also  increases  with  the  temperature, 
until  at  40°  it  is  so  dark  as  to  be  almost  opaque.  This  remarkable 
change  of  colour  is  accompanied  by  a  great  diminution  of  density  as 
the  temperature  rises,  both  phenomena  pointing  to  a  molecular 
change  produced  in  the  vapour  by  heat.  Messrs  Playfair  and 
Wanklyn  have  determined  the  density  of  the  vapoiu-  by  Dumas' 
method,  using  nitrogen  as  a  diluent  (p.  54),  and  find  that  the  densities 
at  different  temperatures  are  as  follows  : — 

Tempera  txire.  Vapotir-denaity. 
97-5°      ....  1-783 
24-5       ....  2-520 
11'3       ....  2-645 
4-2       ...       .  2-588 

Its  vapour  is  absorbed  by  strong  nitric  acid,  which  thereby 
acquires  a  yeUow  or  red  tint,  passing  into  green,  then  into  blue,  and 
afterwards  disappearing  altogether  on  the  addition  of  successive 
portions  of  water.  The  deep  red  fuming  acid  of  commerce,  called 
mtrous  acid,  is  simply  nitric  acid  im]3regnated  with  nitrogen 
tetroxide.  ' 

Nitrogen  tetroxide  is  decomposed  by  water  at  very  low  tempera- 
tures m  such  a  manner  as  to  yield  nitric  and  nitrous  acids,  NaO^-t- 
H20  =  HN03-FHN02;  but  when  added  to  excess  of  water  at 
ordinary  temperatures  it  yields  nitric  acid,  and  the  products  of 
decomposition  of  nitrous  acid,  namely,  nitric  acid  and  nitrogen 
dioxide.  In  Hke  manner,  when  passed  into  alkabue  solutions, 
it  forms  a  nitrate  and  a  nitiite  of  the  alkaH-metal ;  but  it 
has  been  also  supposed  to  unite  dii-ectly,  under  certain  cu-cum- 

stances,  with  metallic  oxides— lead  oxide,  for  example  forming 

definite  crystalline  salts,  and  has  hence  been  caUed  hyponitric  acid; 
but  it  is  most  probable  that  these  salts  are  compounds  of  niti-ates 
and  nitrites :  e.g., 

2(PbO.N20,)  =  Pb(N03)2  +  Pb  (N0.)2 
Lead  hyponitrate.       Lead  nitrate.      Lead  nitrite. 
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Nitrogen  appears  to  combine,  imder  favourable  circumstancef?, 
witli  lue^als.  When  iron  is  heated  to  redness  in  an  atmosphere  ol' 
anunonia,  it  becomes  brittle  and  crystalline,  and  shows  an  increase 
in  weight,  said  to  vary  from  6  to  12  per  cent. ;  while,  according  to 
other  observers,  the  physical  characters  of  the  metal  are  changed 
without  sensible  alteration  of  weight.  By  heating  copper  in  ammonia, 
no  compound  of  nitrogen  vnth  copper  is  produced  ;  bub  when 
ammonia  is  passed  over  copper  oxide  heated  to  300°,  water  is  formed, 
and  a  soft  bro^vn  powder  produced,  which,  when  heated  further, 
evolves  nitrogen,  and  leaves  metallic  copper.  The  same  efl'ect  is 
produced  by  the  contact  of  strong  acids.  A  similar  compound  of 
chromium  with  nitrogen  appears  to  exist. 

NITROGEN  AND  HYDROGEN  ;   AMMONIA,  NHg. 

When  powdered  sal-ammoniac  is  mixed  with  moist  calcium 
hydi-ate  (slaked  lime),  and  gently  heated  in  a  glass  flask,  a  large 
cpiantity  of  gaseous  matter  is  disengaged,  which  must  be  collected 
over  mercury,  or  by  displacement,  advantage  being  taken  of  its 
low  specific  gravity. 

Ammonia  gas  thus  obtained  is  colourless  ;  it  has  a  strong  piui- 
gent  odom-,  aird  possesses  in  an  emiuent  degree  those  properties  to 
which  the  term  alkaline  is  applied;  that  is  to  say,  it  turns  the 
yellow  colour  of  turmeric  to  brown,  that  of  reddened  litmus  to  bine, 
and  combines  readily  with  acids,  neutralising  them  completely;  by 
these  reactions  it  is  easily  distinguished  from  all  other  bodies 
possessing  the  same  physical  characters.  Under  a  pressure  of  6'5 
atmospheres  at  15-5°,  ammonia  condenses  to  the  liquid  form. 
Water  dissolves  about  700  times  its  volmne  of  this  gas,  forming  a 
solution  which  in  a  more  dilute  state  has  long  been  known  under 
the  name  of  liquor  amw.onim ;  by  heat  a  great  part  is  again  expelled. 
The  solution  is  decomposed  by  chlorine,  sal-ammoniac  being  formed, 
and  nitrogen  set  free. 

Ammonia  has  a  density  of  0-589  ;  a  litre  weighs  0*76271  gram. 
It  cannot  be  formed  by  the  direct  uniou  of  its  elements,  although 
it  is  sometimes  produced  under  rather  remarkable  circumstances 
by  the  deoxidation  of  nitric  acid.*  The  great  sources  of  ammonia 
are  the  feebly  compounded  azotised  principles  of  the  animal  and 
vegetable  kingdoms,  which,  when  left  to  putrefactive  change,  or 
subjected  to  destructive  distillation,  almost  invariably  give  rise  to 
an  abundant  production  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  effected.  When  a  portion 
is  confined  in  a  graduated  tube  over  mercuiy,  and  electric  sparks 
are  passed  through  it  for  a  considerable  time,  the  volume  of  the  gas 
gradually  increases  until  it  becomes  doubled.     On  examination 

*  A  mode  of  convertiTig  the  nitrogen  of  tlie  atmosphere  into  ammonia,  by  a 
sncces.sion  of  chemical  operations,  will  be  noticed  in  connection  with  Cyanogen 
under  Organic  Chemistry. 
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tile  tube  is  found  to  contain  a  mixture  of  3  measures  of  hycbogen 
gas  aiid  1  measure  of  nitrogen.  Every  two  volumes  of  the  ammonia, 
therefore,  contained  three  volumes  of  hydrogen  and  one  of  nitrogen, 
the  whole  being  condensed  to  one  half.  The  weight  of  the  two  con- 
stituents is  in  the  proportion  of  3  parts  hydi'ogen  to  14  parts 
nitrogen.  i  J     &  i 

_  Ammonia  may  also  he  decomposed  into  its  elements  by  transmis- 
sion through  a  red-hot  tube. 

_  Solution  of  ammonia  is  a  very  valuable  reagent,  and  is  employed 
m  a  great  number  of  chemical  operations,  for  some  of  which  it  is 
necessary  to  have  it  perfectly  pure.  The  best  mode  of  preparation 
IS  the  following  : — 

Equal  weights  of  sal-ammoniac  (NH4CI),  and  quicklime  (CaO), 
are  taken;  the  lime  is  slaked  in  a  covered  basin,  and  the  salt 
reduced  to  powder.  These  are  mixed  and  introduced  into  a  large 
flask  connected  with  a  wash-bottle  and  a  receiver  containing  water, 
in  the  manner  which  will  be  described  in  connection  with  hydi-o- 
chloric  acid  (fig.  117,  p.  190.)  A  little  water  is  added  to  the 
mixture,  just  enough  to  damp  it  and  cause  it  to  aggregate  into  lumps. 
On  cautiously  applying  heat  to  the  flask,  ammonia  is  disengaged 
veiy  regularly  and  uniformly,  and  condenses  in  the  water  of  the 
receiver.  Calcium  chloride  (CaCl,),  with  excess  of  calcium  hydi-ate 
(slaked  lime)  remains  in  the  flask." 

The  decomposition  of  the  salt  is  re^Dresented  by  the  equation : — 

2NH4CI  -1-  CaO  =  2NH3  +  CaClg  +  H^O. 

Solution  of  ammonia  should  be  perfectly  colourless,  leave  no 
residue  on  evaporation,  and  when  supersaturated  by  nitTic  acid,  give 
no  cloud  or  muddiness  with  silver  nitrate.  Its  density  diminishes 
with  its  strength,  that  of  the  most  concentrated  being  about  0-875. 
The  value  in  alkali  of  any  sample  of  Liquor  ammonise  is  most  safely 
inferred,  not  from  a  knowledge  of  its  density,  but  from  the  quantity 
of  acid  a  given  amoimt  will  satiu-ate.  The  mode  of  conducting  this 
experiment  will  be  described  imder  Alkalimetry. 

When  solution  of  ammonia  is  mixed  with  acids  of  various  kinds, 
salts  are  generated,  which  resemble  ia  the  most  complete  manner 
the  corresponding  potassium  and  sodium  compounds :  they  are  best 
discussed  in  connection  with  the  latter.  The  ammonia  'salts  may 
be  regarded  either  as  direct  compoimds  of  ammonia,  NH3,  -n-ith 
acids  (HCl,  for  example),  or  as  resulting  fi-om  the  replacement  of 
the  hydrogen  of  an  acid  by  the  group  NH^,  called  ammonium,  which 
in  this  sense  is  a  compoimd  metal,  chemically  equivalent  to 
potassium,  sodium,  silver,  &c.    Thus :  — 


Ammonia  hydrochloride  NH3.HCI  = 
„       nitrate        NHg.HNO,  = 
sulphate    (NH)^  H2SO4  = 


NH4.CI  Ammonium  chloride. 

.,  nitnate. 
(NH4)2.S04   ,,  sulphate. 
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The  formula)  in  tl:e  second  column  are  exactly  analogous  to  those 
of  the  potassium  salts,  KCl,  KNO3,  K2S0,|. 

The  aqueous  solution  of  ammonia  may  be  supposed  to  contain  the 
hydrate  of  ammonium  NH^.HO ;  but  tliis  compoimd  is  not  known 
in  the  solid  state. 

Any  aumioniacal  salt  can  at  once  be  recognised  by  the  evolution 
of  ammonia  which  takes  place  when  it  is  heated  with  slaked  lime, 
or  solution  of  potash  or  soda. 


HYDEOXYLAMINE,  NH3O. 

This  compoimd,  intermediate  in  composition  between  ammonia 
NH3,  and  ammonium  hydrate  NH4.HO,  is  formed  by  the  dii'ect 
imion  of  hydi-ogen  with  niti-ogen  dioxide  :  NO  +  H3  =  NH3O,  and 
may  be  prepared  by  passing  nitrogen  dioxide  through  a  series  of 
flasks  in  which  hyclrogen  is  evolved  by  heating  hydrochloric  acid 
with  tin.  The  resulting  liqiud  is  fi'eed  fi'om  tin  by  hydrogen 
sulphide  ;  the  filtered  liquid  evaporated  to  dryness  ;  the  residue 
washed  with  cold  alcohol,  and  digested  with  boiling  alcohol ;  the 
alcoholic  solution  mixed  with  platinic  chloride  to  precipitate  sal- 
ammoniac  ;  and  the  filtered  alcoholic  liquid  mixed  with  ether,  which 
throws  do\vn  pure  hydrochloride  of  hyclroxylamine. 

Hydroxylamine  is  also  formed  by  the  action  of  hydrogen  (evolved 
as  above)  on  nitric  acid  or  ethyl  nitrate : 

NO3H  +  6H  =  2H2O  +  NH3  0. 

Hydroxylamine  is  a  very  volatile  and  easily  decomposible  base,  and 
can  be  obtained  only  in  solution.  Its  salts  are  decomposed  by 
potash,  with  evolution  of  nitrogen  and  formation  of  ammonia, 
quickly  in  concentrated,  gradually  in  dilute  solutions.  Solutions 
of  hydroxylamine  may,  however,  be  obtained  by  decomposing  the 
salts  in  other  ways,  an  alcoholic  solution,  for  example,  by  decom- 
posing the  nitrate  dissolved  in  alcohol  with  alcoholic  potash.  Alka- 
line carbonates  also  separate  hydroxylamine,  with  evolution  of  carbon 
dioxide.  The  soliitions  have  an  alkaline  reaction,  and  precipitate 
many  metallic  salts ;  with  the  salts  of  lead,  iron,  nickel,  and  zinc, 
and  with  chrome-alum  and  common  alum,  they  form  precipitates 
insoluble  in  excess  of  hydroxylamine.  With  aqueous  cupric  sulphate, 
hytboxylamine  forms  a  grass-green  precipitate,  which  when  boiled 
with  water,  is  reduced,  with  evolution  of  gas,  to  cuproiis  oxide ;  an 
ammoniacal  cupric  solution  is  decolorised  by  it.  Mercuric  chloride 
is  reduced  to  mercm-ous  chloride,  and  if  the  hydroxylamine  is  in 
excess,  to  metallic  mercury.  Silver  solutions  yield  a  black  preci- 
pitate, which  is  quickly  reduced,  with  evohition  of  gas,  to  metallic 
silver.  Hydroxylamine  also  reduces  acid  potassium  chromate.  In 
many  of  these  reactions  the  hydroxylamine  appears  to  be  completely 
decomposed,  with  formation  of  nitrogen  or  its  monoxide. 
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The  salts  of  hydroxylamine  decompose  when  heated,  -nith  copious 
and  sudden  evolution  of  gas  ;  most  of  them  easily  fonn  super- 
satui'ated  solutions ;  none  of  those  yet  examined  contain  water  of 
crystallisation.  The  hydrochloride,  NH3O.HCI,  crystallises  from 
alcohol  in  long  spicular  crystals  resembling  m-ea;  from  water  in 
large  irregular  six-sided  tables ;  it  melts  at  100°,  and  then  decom- 
poses, with  violent  evolution  of  gas,  into  nitrogen,  hydrochloric  acid, 
water,  and  sal-ammoniac.  The  nitrate,  NH3O.HNO3,  soUdifies 
slowly  by  spontaneous  evaporation  to  a  radio-crystalline,  very  deli- 
quescent mass,  easily  soluble  in  absolute  alcohol,  decomposing  at 
100. 


CARBON. 

Atomic  weight,  1 2.    Symbol  C. 

This  substance  occurs  in  a  state  of  purity,  and  crystallised,  in  two 
distinct  and  very  dissimilar  forms — namely,  as  diamond,  and  as 
graphite  or  plumbago.  It  constitutes  a  large  proportion  of  all 
organic  structiu-es,  animal  and  vegetable :  when  these  latter  are 
exposed  to  destructive  distillation  m  close  vessels,  a  great  part  of 
their  carbon  remains,  obstinately  retaiuiug  some  of  the  hydrogen 
and  oxygen,  and  associated  with  the  earthy  and  alkaline  matter  of 
the  tissue,  giving  rise  to  the  many  varieties  of  charcoal,  coke,  &c. 
This  residue,  when  perfectly  separated  from  foreign  matter,  consti- 
tutes a  third  variety  of  carbon. 

The  diamond  is  one  of  the  most  remarkable  substances  known  : 
long  prized  on  accouut  of  its  brilliancy  as  an  ornamental  gem,  the 
discovery  of  its  curious  chemical  nature  confers  upon  it  a  high  degree 
of  scientific  iuterest.  Several  localities  in  India,  the  Island  of 
Borneo,  South  Africa,  and  Brazil,  furnish  tliis  beautiful  substance. 
It  is  always  distinctly  ciystalUsed,  often  quite  transparent  and 
colomiess,  but  now  and  then  having  a  shade  of  yeUow,  piak,  or 
blue.  The  origin  or  true  geological  position  of  the  diamond  are 
unknown ;  it  is  always  found  imbedded  in  gravel  and  transported 
materials  whose  history  cannot  be  traced.  The  crystaUine  form  of 
the  diamond  is  that  of  the  regular  octohedron  or  cube,  or  some 
figure  geometrically  connected  with  these.  Many  of  the  octohedral 
crystals  exliibit  a  very  peculiar  appearance,  arising  from  the  faces 
being  curved  or  rounded,  which  gives  to  the  crystal  an  almost 
spherical  figure. 

The  diamond  is  infusible  and  unalterable  even  by  a  very  intense 
heat,  provided  air  be  excluded ;  but  when  heated,  thus  protected, 
between  the  poles  of  a  strong  galvanic  battery,  it  is  converted  into 


CARBON, 


167 


coke  or  grapliite ;  heated  to  wHteness  in  a  vessel  of  oxygen,  it  bums 
■with  lacility,  yielding  carbonic  acid  gas. 


The  diamond  is  the  hardest  substance  known  :  it  admits  of  being 
split  or  cloven  Avathout  difficulty  in  particular  directions,  but  can 
only  be  cut  or  abraded  by  a  second  portion  of  the  same  material ; 
the  powder  rubbed  off  in  this  process  serves  for  polishiag  the  new- 
faces,  and  is  also  highly  useful  to  the  lapidary  and  seal-engraver.  One 
very  cmious  and  useful  application  of  the  diamond  is  made  by  the 
glazier:  a,  fragment  of  this  mineral,  like  a  bit  of  flint,  or  any  other 
hard  substance,  scratches  the  surface  of  the  glass  ;  a  crystal  of 
diamond,  having  the  rounded  octohedral  figure  spoken  of,  held  in 
one  particular  position  on  the  glass — namely,  with  an  edge  formed 
by  the  meeting  of  two  adjacent  faces  presented  to  the  surface — and 
then  drawn  along  with  gentle  pressm-e,  causes  a  split  or  cut,  which 
;penetrates  to  a  considerable  depth  into  the  glass,  and  determines  its 
fracture  with  perfect  certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure  carbon, 
although  most  specimens  contain  u'on,  the  quantity  of  which  varies 
from  a  mere  trace  up  to  five  per  cent.  Graphite  is  a  somewhat  rare 
mineral ;  the  finest  and  most  valuable  for  pencils  was  formally 
obtained  from  Borrowdale,  in  Cumberland,  where  a  kind  of  irregular 
vein  is  found  traversing  the  ancient  slate  beds  of  that  district,  but 
the  mine  is  now  nearly  exhausted.  Large  quantities  of  graphite  are 
imported  from  Germany,  the  East  Indies,  and  the  United  States.* 
Crystals  are  not  common :  when  they  occur,  they  have  the  figure  of 

*  The  graphite  which  can  be  directly  cut  for  pencils  occuri'ing  only  in 
limited  quantity,  powdered  graphite,  obtained  from  the  inferior  varieties  of 
the  mineral,  is  now  frequently  consolidated  for  this  purpose.  The  mechanical 
division  of  graphite  presents  con.siderable  difficulties,  which  may  be  entirely 
obviated  liy  adopting  a  chemical  process  suggested  by  Sir  Benjamin  Brodie, 
applicable,  however,  only  to  certain  varieties,  such  as  Ceylon  and  Siberian 
graphite.  This  process  consists  in  introducing  the  coarsely  powdered  graphite, 
previously  mixed  with  ^-f  of  its  weight  of  potassium  chlorate,  into  2  parts  of 
concentrated  sulphuric  acid,  which  is  heated  in  a  water-bath  until  the  evolu- 
tion of  acid  fumes  ceases.  The  acid  is  then  removed  by  water,  and  the 
graphite  dried.  Thus  prepared,  this  substance,  when  heated  to  a  tempera- 
ture approaching  a  red-heat,  swells  up  to  a  bulky  mass  of  finely  divided 
graphite. 


Fig.  103. 
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a  short  six-sided  prism— a  form  bearing  no  geometric  relation  to 
that  of  the  diamond. 

Graphite  is  often  formed  artificially  ia  certain  metallurgie  opera- 
tions :  the  brilliant  scales  which  sometimes  separate  from  melted 
cast- iron  on  cooling,  called  by  the  workmen  "kish,"  consist  of 
graj)hite. 

_  Lamp-black,  the  soot  produced  by  the  imperfect  combustion  of 
oil  or  resia,  is  the  best  example  that  can  be  given  of  carbon  in  its 
uncrystallised  or  amorphous  state.  •  To  the  same  class  belong  the 
different  kinds  of  charcoal.  That  prepared  fi-om  wood,  either  by 
distillation  in  a  large  iron  retort,  or  by  the  smothered  combustion 
of  a  pUe  of  faggots  partially  covered  with  earth,  is  the  most  valu- 
able as  fuel.  Coke,  the  charcoal  of  pit-coal,  is  much  more  impure  ; 
it  contaias  a  large  quantity  of  earthy  matter,  and  very  often  sulphur, 
the  quality  dependiug  very  much  upon  the  mode  of  preparation. 
Charcoal  from  bones  and  animal  matters  in  general  is  a  very  valu- 
able substance,  on  account  of  the  extraordiuary  power  it  possesses 
of  removing  colom-ing  matters  from  organic  solutions  ;  it  is  used  for 
this  pui'pose  by  the  sugar-refiner  to  a  very  great  extent,  and  also  by 
the  manufacturing  and  scientific  chemist.  The  property  in  question 
is  possessed  by  all  kinds  of  charcoal  in  a  small  degree. 

Charcoal  made  from  box,  or  other  dense  wood,  has  the  property 
of  condensing  gases  and  vapours  into  its  pores  ;  of  ammoniacal  gas 
it  is  said  to  absorb  not  less  than  ninety  times  its  volume,  while  of 
hydrogen  it  takes  up  less  than  twice  its  own  bidk,  the  quantity  being 
apparently  connected  with  the  property  in  the  gas  of  suffering 
liquefaction.  This  property  of  absorbing  gases,  as  well  as  the 
power,  no  doubt  depends  in  some  way  upon  the  same 
peculiar  action  of  surface  so  remarkable  in  the  case  of  platinum  in 
a  mixture  of  oxygen  and  hydrogen.  The  absorbing  power  is,  indeed, 
considerably  increased  by  saturating  charcoal  with  solution  of 
platinum,  and  subsequently  igniting  it,  so  as  to  coat  the  chai-coal 
with  a  thin  film  of  platinum.  Dr.  Stenhouse,  who  suggested  this 
plan,  finds  that  the  gases  thus  absorbed  undergo  a  kind  of  oxida- 
tion within  the  pores  of  the  charcoal. 


Compounds  of  Oarhon  and  Oxygen. 
There  are  two  dii-ect  inorganic  compomids  of  cai-bon  and  oxygen, 
called  carbon  monoxide  and  caxbon  dioxide  ;  theii-  composition  may 
be  thus  stated : 

By  weight. 
Carbon.  Oxygen. 
Carbon  monoxide,  CO  .       .       12  16 

Carbon  dioxide,     COg  .       .       12  32 

Carbon  Dioxide  or  Carbonic  Anhydride — (commonly  called 
Carbonic  Acid),  is  always  produced  when  charcoal  biu-ns  in  air 
or  oxygen  gas:  it  is  most  conveniently  obtained,  however,  by 
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ilecoiuposing  a  carbonate  with  one  of  tlie  stronger  acids.  For 
this  pmirose  the  apparatus  for  generating  hydrogen  (p.  129),  may 
af'aiu  be  employed :  fragments  of  mai-ble  are  put  into  the  bottle  with 
enough  water  to  cover  the  extremity  of  the  fmmel-tube,  and 
liydrochloric  or  nitric  acid  is  added  by  the  latter,  until  the  gas  is 
freely  disengaged.  Chalk-powder  and  dilute  siilphuric  acid  may 
be  used  iustead.  The  gas  may  be  collected  over  water,  although 
with  some  loss ;  or  very  conveniently  by  displacement,  if  it  be 
reqiured  dry,  as  sho\vn  in  fig.  10jl/,,The  long  di-ying-tube  is  filled 
with  fi-agments  of  calciiuu  chloride,  and  the  heavy  gas  is  conducted 
to  the  bottom  of  the  vessel  in  which  it  is  to  be  received,  the  mouth 
of  the  latter  being  Ughtly  closed.* 

I  Fig.  104. 


Carbon  dioxide  is  a  colomiess  gas  ;  it  has  an  agreea,ble  ptmgent 
taste  and  odour,  but  cannot  be  respired  for  a  minute  Avithout  iusen- 
sibility  following.  Its  specific  gravity  is  1-524;  a  liter  weighs 
1-96664  grams,  and  100  cubic  inches  weigh  47-26  gxains. 

This  gas  is  very  hurtful  to  animal  life,  even  when  largely  diluted 
with  air;  it  acts  as  a  narcotic  poison:  hence  the  danger  arising 
from  imperfect  ventilation,  the  use  of  fire-places  and  stoves  of  all 
kinds  unprovided  with  proper  chimneys,  and  the  crowding  together 
of  many  individuals  ia  houses  and  ships  mthout  efficient  means 
for  renewing  the  air :  for  carbon  dioxide  is  constantly  disengaged 
during  the  process  of  respiration,  which,  as  already  mentioned 
(p.  121),  is  nothing  but  a  process  of  slow  combustion.  This  gus  is 
sometimes  emitted  in  large  quantity  from  the  earth  in  volcanic 
districts,  and  it  is  constantly  generated  where  organic  matter  is 
in  the  act  of  undergoing  fermentive  decomposition.  The  fatal 
"  after-damp  "  of  the  coal-mines  contains  a  large  proportion  of  carbon 
dioxide. 

*  In  connecting  tiihe-apparatns  for  conveying  gases  or  cold  liqniils,  not  cor- 
rosive, tubes  of  vulcanised  caoutcliouc,  wliicli  are  now  articles  oC  conuiierce, 
are  very  serviceable.  Glass  tubes  are  easily  bent  in  the  Hanie  of  a  spirit-lamp, 
or  a  Bunsen  burner,  and,  wben  necessary,  cut  by  scratching  with  a  file  and 
broken  asunder. 
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A  lighted  taper  plunged  into  carbon  dioxide  is  instantly  extin- 
guished even  to  the  red-hot  snuff.  The  gas,  when  diluted  ^rith 
three  times  its  volume  of  air,  still  retains  the  power  of  extinguish- 
ing a  light.  It  is  easily  distinguished  fi'om  nitrogen,  which  is  also 
incapable  of  supporting  combustion,  byits  rapid  absorption  bycaustic 
alkali,  or  by  lime-water  ;  the  turbidity  communicated  to  the  latter 
from  the  production  of  insoluble  calcium  carbonate  is  very  charac- 
teristic. 

Cold  water  dissolves  about  its  town  volume  of  carbon  dioxide, 
whatever  be  the  density  of  the  gas  with  which  it  is  in  contact 
(comp.  p.  148);  the  solution  temporarily  reddens  litmus  paper.  In 
common  soda-water,  and  in  effervescent  wines,  examples  may 
be  seen  of  the  solubility  of  the  gas.  Even  boiling  water  absorbs 
a  perceptible  quantity. 

Some  of  the  interesting  phenomena  attending  the  liquefaction  of 
carbon  dioxide  have  been  already  described  (p.  49) :  it  requires  for  the 
purpose  a  pressure  of  38-5  atmospheres  at  0°.  The  liquefied  oxide 
IS  colourless  and  limpid,  lighter  than  water,  and  four  times  more 
expansible  than  air  ;  it  mixes  in  all  proportions  with  ether,  alcohol, 
naphtha,  oil  of  tm-pentine,  and  carbon  disulj^hide,  and  is  insoluble 
in  water  and  fat  oils.  In  this  condition  it  does  not  exhibit  any  of 
the  properties  of  an  acid. 

_  Carbon  dioxide  exists,  as  already  mentioned,  in  the  air:  rela- 
tively its  quantity  is  but  small;  but  absolutely,  taking iato  accoimt 
the  vast  extent  of  the  atmosphere,  it  is  very  great,  and  fully  ade- 
quate to  the  piu-pose  of  supplying  plants  with  their  carbon,  these 
latter  having  the  power,  by  the  aid  of  their  green  leaves,  of  decom- 
posmg  carbon  dioxide,  retaining  the  carbon,  and  expeUing  the 
oxygen.  The  presence  of  Light  is  essential  to  this  effect,  but  of  the 
manner  in  wliich  it  is  produced  we  are  yet  ignorant. 

The  carbonates  form  a  very  large  and  important  group  of  salts, 
some  of  which,  as  the  carbonates  of  calcium  and  magnesium,  occur  very 
abundantly  in  nature.  They  contain  the  elements  of  carbon  dioxide 
and  a  metallic  oxide  :  calcium  carbonate,  for  example,  being  com- 
posed of  56  parts  of  calcium  oxide  or  lime,  and  44  parts  by  weight  of 
carbon  dioxide,  or  of  40  calcium,  12  carbon,  and  48  oxygen,  a  com- 
position which  is  represented  by  the  formula  CaO.CO,  or  CaCO, ; 
but  they  are  never  formed  by  the  direct  union  of"  dry  carbon 
dioxide  mth  a  dry  metallic  oxide,  the  intervention  of  water  being 
always  required  to  bring  about  the  combination.  Potassium  car- 
bonate (pearlash)  is  the  chief  constituent  of  wood-ashes  ;  sodium 
carbonate  is  contained  in  the  ashes  of  mai'ine  plants,  and  is  manu- 
factured on  a  very  large  scale  by  heating  sodium  sulphate  M'ith  lime 
and  coal.  These  carbonates  are  soluble  in  water.  The  other 
metallic  carbonates,  which  are  insoluble,  may  be  formed  by  mixing 
a  solution  of  potassium  or  sodium  carbonate  -with  a  soluble  metallic 
salt ;  thus,  when  solutions  of  lead  niti'ate  and  sodium  carbonate  are 
mixed  together,  the  lead  and  sodium  change  places,  formiug  sodium 
nitrate,  which  remains  dissolved,  and  lead  cai'bonate,  which,  being 
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insoluble  iu  water,  is  precipitated  in  the  form  of  a  white  powder : 
Pb(iN[03).,  +  Na2C03=  2NaN03+PbC03. 

This  is  an  example  of  double  decomposition,  the  most  irequent  oi 
all  forms  of  chemical  action. 

The  solution  of  carbon  dioxide  in  water  may  be  supposed  to 
contain  hydrogen  carbonate  or  carbonic  acid,  consisting  of 
2  parts  by  weight  of  hydrogen,  12  carbon,  and  48  oxygen,  and  repre- 
sented by  the  formula  H2CO3  or  H2O.CO2 ;  but  this  compound  is  not 
known  in  the  separate  state,  only  iu  aqueous  solution. 

Carbon  Monoxide  (commonly  called  Carbonic  Oxide.)— When 
carbon  dioxide  is  passed  over  red-hot  charcoal  or  metallic  iron,  one 
haK  of  its  oxygen  is  removed,  and  it  becomes  converted  into  car- 
bon monoxide.  A  very  good  method  of  preparing  this  gas  is 
to  introduce  into  a  flask  fitted  with  a  bent  tube  some  crystallised 
oxalic  acid  (RfioO^),  and  pour  upon  it  five  or  six  times  as  much 
strong  oil  of  vitriol  On  heating  the  mixtiue,  the  oxalic  acid  is 
resolved  into  water,  carbon  dioxide,  and  carbon  monoxide.  HjCsO^ 
=  C0-f-C0.,-|-H20  :  and  bypassing  the  gases  through  a  strong  solu- 
tion of  caustic  potash,  the  fii'st  is  withdrawn  by  absorption,  while 
the  second  remauis  unchanged.  Another  and,  it  may  be,  preferable 
method,  is  to  heat  finely  powdered  yellow  potassium  ferrocyanidij 
with  eight  or  ten  times  its  weight  of  concentrated  sulphuric  acid. 
The  salt  is  entirely  decomposed,  yielding  a  most  copious  supply  of 
perfectly  piu-e  carbon  monoxide,  which  may  be  collected  over  water 
in  the  usual  manner.  The  reaction  is  represented  by  the  equa- 
tion— 

K^FeCgNg  +  6H2O  +  6H2SOi    =    6C0  +   SK.SO^  -f 

Potassium  ferro-  Sulphuric  Potassium 

cyanide.  acid.  sulpliate. 

3(NH,)2SO,    +  FeSO^ 

Ammoninm  Ferrous 
sulphate.  sulphate. 

Carbon  monoxide  is  a  combustible  gas,  which  bums  with  a  beautiful 
pale-blue  flame,  generating  carbon  dioxide.  It  has  never  been 
liquefied.  It  is  colourless,  has  very  little  odour,  and  is  extremely 
poisonous— much  more  so  than  carbon  dioxide.  Mixed  with 
oxygen,  it  explodes  by  the  electric  spark,  but  vnth  some  difficulty. 
Its  specific  gravity  is  0-973  ;  a  liter  weighs  1-2515  grams;  100  cubic 
inches  weigh  .30-21  grains. 

The  relation  by  volume  of  these  oxides  of  carbon  is  as  follows  : — 
Carbon  dioxide  contains  its  own  volume  of  oxygen,  that  gas  sufter- 
ing  no  change  of  bulk  by  its  conversion.  One  measm-e  of  carbon 
mono.xide,  mixed  with  half  a  measure  of  oxygen  and  exploded, 
yields  one  measure  of  carbon  dioxide  :  hence  carbon  monoxide 
contains  half  its  volume  of  oxygen. 

Carbon  monoxide  unites  with  chlorine  under  the  influence  of 
light,  forming  a  pungent,  suflbcating  compound,  possessing  acid  pro- 
perties, called  phosgene  gas,  or  carbonyl  chloride,  COCI2.  It 
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bo  h  irfl      "f"  ^"I'^'l  ^"^^^'^  °f  ^^'1^°^  monoxide  and  chlorine, 
^-  J^'.f''^  ^-^Vo^mg  the  mixtiu-e  to  sunshine:  the 
ScX  o  C  l^lf  ^^^aPP'^^i-'S  ancl  the  volnnae  becomes 

thir'i  ...    ;  ^.  convenient  method  of  preparing 

SLtSn^fif  t/""  ""^'^"^  monoxide  through  intimony 

Erl  lw  w  \  -^w^"'''*  be  received  over  mercury,  as^it  is  decom- 
JSklv^ntTw  W^^^  P^™  it  condenses  to  a  liqiiid  at  0°;  or  more 
qmcMy  at  the  temperature  of  a  mixtm-e  of  ice  and  salt. 

Gom'pounds  of  Carbon  and  Hydrogen. 

pvr^^r  ^^"l  hydrogen  abeady  known  are 

dm^^?""^/  •  .Pe^^^aps  aU,  in  strictness,  belong  to  the 

cnT,T  f  ^'^T'*'^'  ^^^^ot,  except  in  very  few 

Sp'fJo.  T'?  °f  t^^i^  elements,  but  always 

if  In-li  r  f  <^\ecomposition  of  a  complex  body  of  omanic  origii. 
t]  Pr^jJ^i""   convenient  notwithstanding,  to  describe  three  of 

ii™t^.t    1  -^''T*  ?  '^'^         ^-^^  ^ell  iUustrate  the 

important  subjects  of  combustion  and  the  natm-e  of  flame. 

dcZTcT  ^i^^^^^.G-as;  Light  Carburetted  Hydrogen;  Fire- 
euZ'pYT"~  1  f  "^t*^^  to  be  abundantly  dis- 

■  froS^^rL^.?°i  i'^"'''^°^        ^^'^-'^^^t  of  the  coal,  and 

Wtb  n?^^   ^^^'^  apertures  or  "  blowers,"  which  emit  for  a  great 

stnT^f  .         ^  '^^^''^'^  °f  g''^^'  probably  existing  in  a 

state  of  compression,  pent  up  in  the  coal. 

erow  i^  f-^  Tf  11 1*''^  P°°l«  i^  ^^ich  water-plants 

d  rpf •      '  ^'"^'^P^'  ^^^^^  may  be  easily  col- 

inrWpff  1 'I'  T  ^^™ation,  is  found  to  be  chiefly  a  mixtiu-e  of  light 

bv  W     f^'^™^''^''  """^'^  '^^^■^^^  tiie  latter  is  easHy  absorbed 

Dy  lime  water  or  caustic  potash. 

pnii1?l''it.^™^/™n'.^°  method  was  known  by  which  methane 
SLm  m  a  state_  approaching  to  puiity  by  artificial 

tharobVniplT°"'  lU^atmg  gases  from  pit-coal  and  oil,  and 
that  obtained  by  passmg  the  vapour  of  alcohol  through  a  red-hot 
Sbst3pcf'^l.''f  ,1^^^'^^^tities  of  it,  associated,  however,  with  other 
discoveiSl  7^^  ,^  ^f?^  'I'^^.^.^^  separation;  but  Dumas  has 
aXr^ny^urS;'       "'"'^^  '''^  be  produced  perfectly  pure, 

r..L  "^n?!™  V  1°^       P''^^^''  crystallised  sodium  acetate,  40 

parts  solid  sodium  hycboxide  and  60  parts  quickHme  in  powder 
This  mixtiu-e  is  transferred  to  a  flask  or  retort,  and  strongly  heated  ' 
the  gas  is  disengaged  m  great  abimdance,  and  may  be  collected  over 
water,  wliile  sodium  carbonate  remains  behind.  The  reaction  is 
reiDresented  by  the  equation— 

NaC^HgOa  +  NaHO  =  CH,  +  Na.,CO, 

Socliura  Sodium  Marsli  Sodium, 

acetate.         hydroxide.        gns.  carbonate. 
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The  iise  of  the  lime  is  merely  to  j^revent  the  soda  from  fusing 
and  attacking  the  glass. 

Methane  is  a  colourless  and  nearly  inodorous  gas,  which  does 
not  affect  vegetable  coloiu'S.  It  burns  with  a  yellow  flame,  gene- 
rating carbon  dioxide  and  water.  It  is  not  j^oisonous,  and  may  he 
respii'ed  to  a  great  extent  mthout  apparent  injury.  The  density 
of  this  compound  is  about  0'559,  a  liter  weighing  071558  grams, 
and  100  cubic  inches  weighing  17"41  grains  ;  it  contains  carbon 
and  hydrogen  associated  in  the  proportion  of  12  parts  by  weight 
of  the  former  to  4  of  the  latter. 

When  100  measiu-es  of  this  gas  are  mixed  with  200  of  pure 
oxygen  in  the  eudiometer,  and  the  mixtm-e  exploded  by  tlie  elec- 
tric spark,  100  measm-es  of  gas  remain,  which  are  entirely  absorb  - 
able by  a  little  solution  of  caustic  j)otash.  Now,  carbon  dioxide 
contains  its  own  volimie  of  oxygen  :  hence  one-haK  the  oxygen 
added — that  is,  100  measures — mi;st  have  been  consumed  in  unit- 
ing with  the  hydrogen.  Consequently,  the  gas  must  contain  twice 
its  own  measure  of  hydrogen,  and  enough  carbon  to  produce,  when 
completely  bm-ned,  an  ecjual  quantity  of  carbon  dioxide. 

"When  chlorine  is  mixed  with  marsh  gas  over  water,  no  change 
foUows,  provided  Ught  be  excluded.  The  presence  of  light,  how- 
ever, brings  about  decomposition,  hydrochloric  acid,  carbon  dioxide, 
and  other  products,  being  formed.  It  is  important  to  remember  that 
this  gas  is  not  acted  upon  by  chlorine  in  the  dark. 

Ethene,  or  Olefiant  Gas,  CgH^. — Strong  spirit  of  wine  is  mixed 
with  five  or  six  times  its  weight  of  oil  of  vitriol  in  a  glass  flask, 
the  tube  of  which  passes  into  a  wash-bottle  containing  caustic 
potash.  A  second  wash-bottle,  ^Dartly  filled  with  oil  of"  vitriol, 
is  connected  with  the  first,  and  furnished  with  a  tube  dipping 
into  the  water  of  the  pneumatic  trough.  On  the  first  applica- 
tion of  heat  to  the  contents  of  the  flask,  alcohol,  and  afterwards 
ether,  make  their  apj^earance  ;  but,  as  the  temperature  rises,  and 
the  mixture  blackens,  the  ether-vapour  diminishes  in  quantity, 
and  its  place  becomes  in  great  part  supplied  hj  a  permanent  inflam- 
mable gas  ;  carbon  dioxide  and  sulphurous  oxide  are  also  generated 
at  the  same  time,  besides  traces  of  other  products.  The  two  last- 
mentioned  gases  are  absorbed  by  the  alkali  in  the  first  bottle,  and 
the  ether-vapour  by  the  acid  in  the  second,  so  that  the  olefiant  gas 
is  delivered  tolerably  pure.  The  entire  reaction  is  too  complex  to  be 
discussed  at  the  present  moment ;  it  will  be  foimd  fully  described 
in  the  second  volume  ;  but  the  ethene  may  be  regarded  as  result- 
ing from  a  simple  dehytbation  of  the  alcohol  by  the  oil  of 
vitriol. 

C,H„0  =  C,H,  +  H^O 
Alcohol.  Ethene.  Water. 

Olefiant  gas  thus  produced  is  colourless,  neutral,  and  but  slightly 
soluble  in  water.  Alcoliol,  ether,  oil  of  turpentine,  and  even  olive 
oil,  dissolve  it  to  a  considerable  extent.    It  has  a  faint  odoiu-  of 
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garlic.  On  the  approacli  of  a  kindled  taper  it  takes  fire,  and  bums 
with  a  splendid  white  light,  far  siu-passing  in  brilliancy  that 
produced  by  marsh  gas.  This  gas,  when  mixed  with  oxygen 
and  fired,  explodes  with  extreme  violence.  Its  density  is  0*981 ; 
a  liter  weighs  1'25194  grams ;  100  cubic  inches  weigh  30'57 
grains. 

By  the  use  of  the  eudiometer,  as  already  described,  it  has  been 
found  that  each  measure  of  ethene  requii-es  for  complete  combustion 
exactly  three  of  oxygen,  and  produces  under  these  circumstances 
two  measures  of  carbon  dioxide  :  whence  it  is  evident  that  it  contains 
twice  its  own  volume  of  hydrogen  combined  with  twice  as  much 
carbon  as  in  methane. 

By  weight,  these  proportions  are  24  parts  carbon  and  4  parts 
hydrogen. 

Ethene  is  decomposed  by  passing  it  tlirough  a  tube  heated  to 
bright  redness  ;  a  deposit  of  charcoal  and  tar  takes  place,  and  the 
gas  becomes  converted  into  marsh  gas,  or  even  into  free  hydrogen, 
if  the  temperature  be  very  high.  This  latter  change  is,  of  course, 
attended  by  increase  of  volume. 

Chlorine  acts  upon  ethene  iii  a  very  remarkable  matter.  When 
the  two  bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal 
measui'es,  and  give  rise  to  a  heavy  oUy  liquid,  of  sweetish  taste  and 
ethereal  odour,  to  which  the  name  of  ethene  chloride,  or  Dutch 
liquid,  C2H4CI2,  is  given.  It  is  from  this  peculiarity  that  the  term 
olefiant  gas  is  derived. 

On  mLxing  in  a  tall  jar  two  measures  of  chlorine  and  one  of  ethene, 
and  then  quickly  applying  a  light  to  the  mouth  of  the  vessel,  the 
chlorine  and  hydrogen  unite  with  flame,  which  passes  quickly  down 
the  jar,  while  the  whole  of  the  carbon  is  set  free  in  the  form  of  a 
thick  black  smoke. 

EtMne  or  Acetylene,  C2H2. — This  hydro-carbon  is  formed  by 
the  direct  union  of  its  elements.  Hydrogen  and  carbon  do  not 
combine  at  ordinary  temperatures,  or  even  imder  the  influence 
of  the  most  intense  heat ;  but  when  an  electric  arc  from  a  very 
powerful  voltaic  battery  is  passed  between  carbon  poles  in  a  cm-rent 
of  hydrogen,  the  carbon  and  hydrogen  unite  to  form  acetylene. 
This  compound  is  carried  forward  by  the  stream  of  hydrogen,  and 
on  passing  the  mixed  gases  into  a  solution  of  cuprous  chloride,  the 
acetylene  is  separated  in  the  form  of  a  red  solid  cojiper  com- 
poimd,  wliich,  when  decomposed  by  hydrochloric  acid,  yields  pure 
acetylene. 

Acetylene  is  a  colomiess  gas  of  specific  gravity  0"92.  It  burns  in 
the  air  with  a  bright  smoky  flame,  and  when  mixed  vdth  chlorine, 
detonates  almost  instantly,  even  in  diffused  daylight,  with  separation 
of  carbon. 

Acetylene  is  Qne  of  the  constituents  of  coal-gas,  and  is  produced 
in  the  imperfect  combustion  of  various  bodies  containing  carbon 
and  hydrogen.    The  modes  of  formation,  reactions,  and  derivatives 
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of  this  compoimd  will  be  further  considered  under  Organic 
Chemistry. 

Coal  and  Oil  Gases. — The  mcannfacture  of  coal  gas  is  a  branch 
of  industry  of  great  interest  and  importance  in  several  points  of 
view.  The  process  is  one  of  great  simplicity  of  principle,  but  re- 
quii-es,  in  practice,  some  delicacy  in  management  to  yield  a  good 
result. 

When  pit-coal  is  subjected  to  destructive  distillation,  a  variety  of 
products  show  themselves — permanent  gases,  steam  and  volatile 
oils,  besides  a  not  inconsiderable  quantity  of  ammonia  fi-om  the 
nitrogen  always  present  in  the  coal.  These  substances  vary  very 
much  in  their  proportions  with  the  temperature  at  which  the  pro- 
cess is  conducted,  the  pennanent  gases  becoming  more  abimdant 
with  increased  heat,  but,  at  the  same  time,  losing  much  of  their 
value  for  the  purposes  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright- 
red  heat,  and  the  volatilised  product  is  conducted  into  a  long 
horizontal  pipe  of  large  dimensions,  always  half  filled  with  liquid, 
into  which  the  extremity  of  each  separate  tube  dips :  this  is  called 
the  hydraulic  maia.  The  gas  and  its  accompanying  vapom's  are 
next  made  to  traverse  a  refrigerator — usually  a  series  of  ii'on  pipes, 
cooled  on  the  outside  by  a  stream  of  water  ;  here  the  condensatioa 
of  the  tar  and  the  ammoniacal  liquid  becomes  complete,  and  the 
gas  proceeds  onwards  to  another  part  of  the  apparatus,  in  which  it 
is  deprived  of  the  sulphuretted  hydrogen  and  carbonic  acid  always 
present  in  the  crude  product.  This  separation  was  formerly  effected 
by  slaked  lime,  which  readily  absorbs  the  compounds  in  question. 
The  irse  ot  lime,  however,  has  been  almost  superseded  by  that  of 
a  mixture  of  sawdust  and  iron  oxide.  Tliis  mixtiu-e,  after  having 
been  used,  is  exposed  for  some  time  to  the  atmosphere,  and  is 
then  fit  for  use  a  second  time.  The  purifiers  are  large  iron  vessels 
filled  either  with  slaked  lime  or  with  the  iron  oxide  mixtm-e.  The 
gas  is  admitted  at  the  bottom  of  the  vessel,  and  made  to  pass  over 
a  large  surface  of  the  purifying  agents.  The  last  part  of  the 
operation,  which,  indeed,  is  often  omitted,  consists  in  passing 
the  gas  through  dilute  sulphuric  acid,  in  order  to  remove  am- 
monia. The  quantity  thus  separated  is  very  small,  relatively,  to 
the  bulk  of  the  gas,  but,  in  an  extensive  work,  becomes  an  object 
of  importance. 

_  Coal-gas  thus  manufactured  and  purified  is  preserved  for  use  in 
immense  cylindrical  receivers,  closed  at  the  top,  suspended  in  tanks 
of  water  by  chains  to  which  counterpoises  are  attached,  so  that  the 
gas-holders  rise  and  sink  in  the  liquid  as  they  become  filled  from 
the  purifiers  or  emptied  by  the  mains.  These  latter  are  uiade  of 
large  diameter,  to  diminish  as  much  as  possible  the  resistance 
experienced  by  the  gas  in  passing  through  such  a  length  of  pipe, 
ihe  joints  of  these  mains  are  still  made  in  so  imperfect  a  maimer 
tliat  immense  loss  is  experienced  by  leakage  wlicn  the  pressure 
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upon  the  gas  exceeds  that  exerted  hj  a  column  of  water  an  inch 
in  height.  *  .       .  ,  .  r 

Coal  gas  varies  very  much  in  composition,  judging  irom  iih 
variable  density  and  illuminating  powers,  and  from  the  analyses 
which  have  been  made.  The  difficulties  of  such  investigations  are 
very  great,  and  unless  particular  precaution  be  taken,  the  results 
are  merely  approximate.  The  purified  gas  is  beUeved  to  contain 
the  following  substances,  of  which  the  first  is  the  most  abundant 
and  the  second  the  most  valuable : — 

Methane,  or  Marsh  gas. 
Ethene,  or  Olefiant  gas. 
Ethine,  or  Acetylene. 
Hydi'ogen. 
Carbon  Monoxide. 
Nitrogen. 

Vapours  of  volatile  liquid  Hydrocarbons.t 
Vapour  of  Carbon  Bisulphide. 

Separated  hy  Condensation  and  hy  the  Purifiers. 
Tar  and  Volatile  Oils. 

Ammonium  Sulphate,  Chloride,  and  Sulphid'e. 
Hydrogen  Sulphide. 
Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 
Sulphocyanic  acid,  or  Ammonium  Sulphocyanate. 

A  far  better  illuminating  gas  may  be  prepared  from  oil,  by 
dropping  it  into  a  red-hot  iron  retort  filled  with  coke  ;  the  hqmd 
is  in  great  part  decomposed  and  converted  into  permanent  gas, 
which  requires  no  purification,  as  it  is  quite  free  from  theamnioma- 
cal  and  sulphur  compounds  which  vitiate  gas  from  coal.  Many 
years  ago  this  gas  was  prepared  in  London ;  it  was  compressed, 
for  the  use  of  the  consumer,  into  strong  ii'on  vessels,  to  the  extent 

*It  may  sive  some  idea  of  the  extent  of  this  species  of  manufactm-e,  to 
mention  that  in  the  year  1838,  for  lighting  London  and  the  suburbs  alone, 
there  were  eishteen-publio  gas-works,  and  £2,800,000  invested  in  pipes  and 
apparatus.  The  yearly  revenue  amounted  to  £450,000,  and  the  consump- 
tion^of  coal  in  the  same  period  to  180,000  tons,  1460  millions  of  cubic  feet  of 
<ras  ijeing  made  in  the  year.  There  were  134,300  private  lights,  and  30,400 
Itreet  lamps.  890  tons  of  coals  were  used  in  the  retorts  m  the  space  ot 
twenty-four  hours  at  mid- winter,  and  7,120,000  cubic  feet  of  gas  consumed 
in  the  longest  night—Ure,  Dictiunary  of  Arts  and  Manufactures.  _ 

Since  that  time,  the  production  of  gas  has  been  enormously  increased. 
The  amount  of  coal  used  in  Loudon  for  gas-making  in  the  year  ending  June 
1852  is  estimated  at  408,000  tons,  which  on  an  'average  would  yield  about 
4000  millions  of  cubic  feet  of  gas.  In  the  year  185/  the  mams  m  the  Loudon 
streets  had  reached  the  extraordinary  length  of  2000  miles.  -x, 

•I-  These  bodies  mcrease  the  iUmniuatiug  power,  and  confer  on  the  gas  its 
peculiar  odour.  ^ 
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of  30  atmospheres;  these  were  fiu-nislied  with  a  screw- valve  of 
pecidiju-  construction,  and  exchanged  for  others  when  exhausted 
The  comparative  high  price  of  the  material,  and  other  cii'cumstauces', 
led  to  the  abandomnent  of  the  undertaking.    On  the  Continent 
gas  is  now  extensively  prepared  from  wood. 

Combustion,  and  the  Structure  of  Flame. 

When  any  solid  substance  capable  of  bearing  the  fire  is  heated 
to  a  certain  point,  it  emits  light,  the  character  of  which  depends 
upon  the  temperatiu-e.  Thus,  a  bar  of  platinum  or  a  piece  of  porce- 
lain, raised  to  a  particular  temperature,  becomes  what  is  called 
red-hot,  or  emissive  of  red  light :  at  a  higher  degree  of  heat,  this 
light  becomes  whiter  and  more  intense,  and  when  urp-ed  to  the 
utmost,  as  in  the  case  of  a  piece  of  lime  jjlaced  in  the  flame  of  the 
oxyhydrogen  blow-pipe,  the  light  becomes  exceedingly  powerful, 
and  acqim-es  a  tint  of  violet.  Bodies  in  these  states  are  said  to  be 
incandescent  or  ignited. 

_  Again,  if  the  same  experiment  be  made  on  a  piece  of  charcoal, 
similar  effects  will  be  observed ;  but  something  in  addition ;  for 
whereas  the  platinum  and  porcelain,  when  removed  from  the  fire, 
or  the  lime  fi-om  the  blow-pipe  flame,  begin  immediately  to  cool^ 
and  emit  less  and  less  light,  until  they  become  comjjletely  obscure 
the  charcoal  maintains  to  a  great  extent  its  high  temperatm-e.' 
Unlike  the  other  bodies,  too,  which  suffer  no  change  whatever, 
either  of  weight  or  substance,  the  charcoal  gradually  wastes  away 
until  It  disappears.  This  is  what  is  called  combustion,  in  contra- 
distinction to  mere  ignition ;  the  charcoal  bums,  and  its  temperature 
IS  kept  up  by  the  heat  evolved  in  the  act  of  union  with  the  oxvo-en 
of  the  air.  ° 

_  In  the  most  general  sense,  a  body  in  a  state  of  combustion  is  one 
m  the  act  of  undergoing  intense  chemical  action  :  any  chemical 
action  whatsoever,  if  its  energy  rise  sufliciently  high,  may  produce 
the  phenomenon  of  combustion,  by  heatincj  the  body  to  such  an  extent 
that  it  becomes  luminous. 

In  all  orclmary  cases  of  combustion,  the  action  Lies  between  the 
burning  body  and  the  oxygen  of  the  air  ;  and  since  the  materials 
employed  for  the  economical  production  of  heat  and  light  consist 
ot  carbon  chiefly,  or  that  substance  conjoined  with  a  certain  pro- 
portion of  hydrogen  and  oxygen,  aU  common  effects  of  tliis  natiu'e 
are  cases  ol  the  rapid  and  violent  oxidation  of  carbon  and  hydrogen 
by  the  aid  of  th  e  free  oxygen  of  the  aii-.  The  heat  must  be  referred  to 
tne  act  ot  chemical  union,  and  the  light  to  the  elevated  temperatiu'e. 

i^y  this  principle,  it  is  easy  to  imderstand  the  means  which  must 
ue  aaopted  to  increase  the  heat  of  ordinary  fires  to  the  point 
necessary  to  melt  refractory  metals,  and  to  bring  about  certain 
ciesirea  ettects  of  chemical  decomposition.  If  the  rate  of  consump- 
tion 01  the  fuel  can  be  increased  by  a  more  rapid  introduction  of 
air  into  the  burmng  mass,  the  intensity  of  the  heat  wiU  of  necessity 
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rise  in  the  same  ratio,  the  quantity  of  heat  evolved  being  fixed  and 
definite  for  the  same  constant  quantity  of  chemical  action.  This 
increased  supply  of  air  may  be  efl'ected  by  two  distinct  methods  : 
it  may  be  forced  iuto  the  fire  by  bellows  or  blo-sraig-maclunes,  as 
in  the  common  forge  and  in  the  blast  and  cupola-fujnaces  of  the 
iron-worker ;  or  it  may  be  di-awn  through  the  burning  materials  by 
the  help  of  a  tall  chimney,  the  fireplace  being  closed  on  all  sides, 
and  no  enti-ance  of  au'  allowed,  save  between  the  bars  of  the  grate. 
Such  is  the  kind  of  furnace  generally  employed  by  the  scientific 
chemist  ia  assaying  and  in  the  reduction  of  metallic  oxides  by 
charcoal :  the  pruiciple  wiU  be  at  once  understood  by  the  aid  of 
the  sectional  drawing  (fig.  105),  ia  which  a  crucible  is  represented 
arranged  in  the  fu-e  for  an  operation  of  the  kind  mentioned. 

The  "reverberatory"  fm-nace  (fig.  106)  is  one  very  miich  used  in 
the  arts  when  substances  are  to  be  exposed  to  heat  without  con- 
tact with  the  fuel.    The  fire-chamber  is  separated  from  the  bed  or 


Fig.  105.  Kg- 106. 


hearth  of  the  furnace  by  a  low  wall  or  hidgc  of  brickwork,  and 
the  flame  and  heated  air  are  reflected  downwards  by  the  arched 
form  of  the  roof.  Any  degree  of  heat  can  be  obtained  in  a  furnace 
of  this  kind— from  the  temperature  of  dull  redness  to  that  required 
to  melt  very  large  quantities  of  cast-iron.  The  fire  is  urged  by  a 
chimney  provided  with,  a  slidiiig-plate,  or  damper,  to  regulate  the 
draught. 
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Solids  and  liquids,  as  melted  metal,  possess,  when  sufficiently- 
heated,  the  faculty  of  emitting  light :  the  same  power  is  exhibited 
by  gaseous  bodies,  but  the  temperatm'e  requii'ed  to  render  a  was 
luminous  is  incomparably  higher  than  in  the  cases  ab'eady  described. 
Gas  orvapom-  in  tliis  contUtion  constitutes  flame,  the  actual  tempera- 
ture of  which  generally  exceeds  that  of  the  white  heat  of  solid  bodies. 

The  light  emitted  from  pure  flame  is  often  exceedinoiy  feeble ; 
hut  the  illuminating  power  may  be  immensely  increased  by  the 
presence  of  solid  matter.  The  flame  of  hydrogen,  or  of  the  mixed 
gases,  is  scarcely  visible  in  full  daylight ;  in  a  dusty  atmosphere, 
ho^v•ever,  it  becomes  much  more  luminous  by  ignitmg  to  intense 
whiteness  the  floating  particles  with  which  it  comes  in  contact. 
The  piece  of  lime  in  the  blow-pipe  flame  cannot  have  a  higher 
temperatm-e  than  that  of  the  flame  itself,  yet  the  light  it  throws  off 
is  infinitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr. 
Frankland,  to  produce  very  bright  flames  in  which  no  solid  particles 
are  present.  Metallic  ai-senic  biu-nt  in  a  stream  of  oxygen  produces 
an  mtense_  white  flame,  although  both  the  metal  itself  and  the 
product  of  its  combustion  (arsenious  oxide)  are  gaseous  at  the  tem- 
peratm-e  of  the  flame.  The  combustion  of  a  mixture  of  nitrogen 
dioxide  and  carbon  bisulphide  also  produces  a  dazzling  white  flame, 
without  any  separation  of  solid  matter. 

The  conditions  most  essential  to  luminosity  in  a  flame  are  a  high 
temperature,  and  the  presence  of  gases  or  vapoiu-s  of  considerable 
density.  The  eftect  of  high  temperature  is  seen  in  the  greater 
brightness  of  the  flame  of  sulphm-,  phosphorus,  and  indeed  all  sub- 
stances, when  burnt  in  pure  oxygen,  as  compared  with  that  which 
results  from  then-  combustion  in  conunon  air ;  in  the  former  case 
the  whole  of  the  substances  present  take  part  in  the  combustion, 
and  generate  heat,  whereas  in  the  latter  the  temperature  is  lowered 
by  the  presence  of  a  large  quantity  of  nitrogen,  which  contributes 
nothing  to  the  effect.  The  relation  between  the  luminosity  of  a 
flame  and  the  vapour-densities  of  its  constituents  may  be  seen 
from  the  following  table,  in  which  the  vapour-densities  are  referred 
to  tJiat  01  liytlrogen  as  unity. 

Eclativc  Densities  of  Oases  cmid  Vapoiors. 
Hydrogen,      ...  1 
Water,    ....  9 
Hydrochloric  acid,         .  18^ 
Carbon  dioxide,       .       .  22 
Sulphur  dioxide,     .       .  32 

A  comparison  of  these  numbers  shows  that  the  Imghteat  flames 
are  inose  which  contain  the  densest  vapours.  liydi'ogcn  burning 
m  cmormc  produces  a  vapour  more  tiiau  twice  as  heavy  as  that 
resuitmg  irom  its  combustion  in  oxygen,  and  accordingly  the  light 
prouucea  in  the  former  case  is  stronger  than  in  the  latter;  carbon 
ana  suipiiur  burning  in  oxygen  produce  vapours  of  still  greater 


Arsenious  chloride. 

Phosphoric  oxide,  71,  or  142 

Metallic  arsenic,  .  .150 

Arsenious  oxide,  .       .  198 
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density,  namely,  carbon  dioxide  and  sulphur  dioxide,  and  their 
combustion  gives  a  stiU  brighter  light ;  lastly,  phosphorus  which 
has  a  very  dense  vapoui-,  and  likewise  yields  a  product  ot  great 
vapour-density,  burns  m  oxygen  with  a  brilliancy  which  the  eye 
can  scarcely  endure.  Moreover,  the  luminosity  of  a  flame  is  in- 
creased by  condenshig  the  surrounding  gaseous  atmosphere,  and 
diminished  by  rarefying  it.  The  flame  of  arsenic  burning  in  oxygen 
may  be  rendered  quite  feeble  by  rarefying  the  oxygen ;  and,  on  the 
contrary,  the  faint  flame  of  an  ordinary  spirit-lamp  becomes  very 
bright  when  placed  under  the  receiver  of  a  condensing-pump. 
Frankland  has  also  found  that  candles  give  much  less  hght  when 
burning  on  the  top  of  Mont  Blanc  than  in  the  vaUey  below, 
although  the  rate  of  combustion  in  the  two  cases  is  nearly  the  same. 
The  effect  of  condensation  in  hicreasing  the  brightness  of  a  flame  is 
also  strikingly  seen  in  the  combustion  of  a  mixture  of  oxygen  and 
hydro^^en,  which  gives  but  a  feeble  light  when  bm-nt  under  the 
ordinary  atmospheric  pressure,  as  in  the  oxy-hydi'ogen  bloM-pipe, 
but  a  very  bright  flash  when  exploded  in  the  Cavendish  eudiometer 
(p.  139),  in  which  the  water-vapour  produced  by  the  combustion 
is  prevented  from  expanding.  t 

Flames  burning  in  the  air,  and  not  supplied  with  oxygen  Irom 
another  source,  are,  as  already  stated,  hollow,  the  chemical  action 
beintJ  necessarily  confined  to  the  spot  where  the  two  bodies  unite. 

That  of  a  lamp  or  candle,  when  carefully  examined,  is 
seen  to  consist  of  three  separate  portions.  The  dai-k  centi-al 
part,  easily  rendered  evident  by  depressiug  upon  the  flame 
a  piece  of  fine  wire-gauze,  consists  of  combustible  matter 
drawn  up  by  the  capillarity  of  the  wick,  and  volatilised 
by  the  heat.  This  is  surrounded  by  a  highly  luminous 
cone  or  envelope,  which,  in  contact  mth  a  cold  body, 
deposits  soot.  On  the  outside,  a  second  cone  is  to  be 
traced,  feeble  in  its  light-giving  power,  but  haviiig  an 
exceedingly  high  temperature.  The  most  probable  ex- 
planation of  these,  appearances  is  as  foUows  :— Cai'bon  and 
hydrogen  are  very  unequal  ia  their  attraction  for  oxygen, 
the  laliter  greatly  exceeding  the  former  in  this  respect : 
consequently,  when  both  are  present,  and  the  supply 
of  oxygen  is  limited,  the  hydrogen  takes  up  the  greater  portion  ot 
the  oxygen,  to  the  exclusion  of  a  great  part  of  the  carbon.  Novr, 
this  happens,  in  the  case  under  consideration,  at  some  little  distance 
within  the  outer  sm-face  of  the  flame— namely,  m  the  luimnous 
portion  •  the  little  oxygen  which  has  penetrated  thus  far  mwards  is 
mostly  consumed  by  the  hydrogen,  and  hyili-o-carbons  are  separated, 
rich  in  carbon  and  of  great  density  in  the  state  oi  vapour  (naphtha- 
lene, chrysene,  pyrene,  &c.).  These  hydro-carbons,  which  would 
form  smoke  if  they  were  cooler,  and  are  deposited  on  a  cold  body 
held  in  the  flame  in  the  form  of  soot,*  become  intensely  ignited  by 

♦  Soot  is  not  pure  carbon,  but  a  mixture  of  heavy  hydro-carbons. 
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Fig.  108. 


the  burning  hydi-ogen,  and  evolve  a  light  whose  M^hitene.ss  marks 
a  very  elevated  temperature.  In  the  exterior  and  scarcely  visible 
cone,  these  hydro-carbons  undergo  combustion. 

A  jet  of  coal-gas  exhibits  the  same  pheno- 
mena; but,  if  the  gas  be  previously  mingled 
with  air,  or  if  air  he  forcibly  mixed  with,  or 
driven  into,  the  flame,  no  such  separation  of 
carbon  occurs  ;  the  hydi'ogen  and  carbon  bum 
together,  forming  vapom's  of  much  lower  density, 
and  the  illuminating  power  almost  disappears. 

The  common  mouth  blow-pipe  is  an  instru- 
ment of  great  utility  ;  it  is  merely  a  brass 
tube  fitted  with  an  ivory  mouth-piece  and 
terminated  by  a  jet  having  a  small  aperture, 
by  which  a  curreat  of  air  is  driven  across  the 
flame  of  a  candle.  The  best  form  is  perhaps 
that  contrived  by  Mr.  Pepys,  and  shown  in 
fig.  108.  The  flame  so  produced  is  very  pecu- 
liar. 

Instead  of  the  double  envelope  just  de- 
scribed, two  long  pointed  cones  are  observed 
(fig.  109),  which,  when  the  blow-pipe  is  good, 
and  the  aperture  smooth  and  round,  are  very 
well  defined,  tlie  outer  cone  being  yellowish,  and 
the  inner  blue.  A  double  combustion  is,  in 
fact  going  on,  by  the  blast  in  the  inside,  and 
by  the  external  air.  The  space  between  the 
inner  and  outer  cones  is  filled  with  exceedingly  hot  combustible 
matter,  possessing  strong  reducing  or  deoxidising  powers ;  while 
the  highly  heated  air  just  beyond  the 
point  of  the  exterior  cone  oxicUses  with 
great  facility.  A  small  portion  of 
matter,  supported  on  a  piece  of  char- 
coal, or  fixed  in  a  ring  at  the  end  of  a 
fine  platinum  wire,  can  thus  in  an 
instant  be  exposed  to  a  very  high  degree 
of  heat  imder  these  contrasted  circum- 
stances, and  observations  of  great  value 
made  in  a  very  short  time.  The  use 
of  the  instrument  requires  an  even  and 
uninterrupted  blast  of  some  duration, 
by  a  method  easily  acquired  with  a 

httle  patience :  it  consists  in  employing  for  the  purpose  the  muscles 
01  tne  cheeks  alone,  respiration  being  conducted  through  the  nostrils, 
ana  the  mouth  from  time  to  time  replenished  with  aii-,  without 
intermission  of  the  blast. 

The  Argand  lamp,  adapted  to  burn  either  oil  or  spirit,  but 
especiaHy  the  latter,  is  a  very  useful  piece  of  chemical  apparatus, 
in  this  lamp  the  wick  is  cylindrical,  the  flame  being  supplied  with 


Fig.  109. 
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air  botli  inside  and  outside  :  tlie  combustion  is  greatly  aided  by  the 
cMmney,  which  is  made  of  copper  when  the  lamp  is  used  as  a 
source  of  heat. 

Fig.  110  exhibits,  in  section,  an  excellent  lamp  of  this  kind  for 

Fig.  110.  Fig.  111. 

 . 


Fig.  112. 


burning  alcohol  or  wood-spiiit.  It  is  constructed  of  thin  copper, 
and  furnished  with  ground  caps  to  the  wdck -holder  and  aperture,* 
by  which  the  spirit  is  introduced,  in  order  to  prevent  loss  when 
the  lamp  is  not  ia  use.  Glass  spirit-lamps  (fig.  Ill),  fitted  with 
caps  to  prevent  evaporation,  are  very  convenient  for  occasional  use, 
being  always  ready  and  in  order. 

In  London,  and  other  large  towns  where  coal-gas  is  to  be  had, 
it  is  constantly  used  with  the  greatest  economy  and  advantage  in 
every  respect  as  a  source  of  heat.  Eetorts, 
flasks,  capsules,  and  other  vessels,  can  l)e  thus 
exposed  to  an  easily  regulated  and  invariable 
temperature  for  many  successive  hours.  Small 
platinum  crucibles  may  be  ignited  to  redness  by 
placing  them  over  the  flame  on  a  little  wire 
triangle.  The  arrangement  shown  in  fig.  112, 
consisting  of  a  common  Argand  gas-burner  fixed 
on  a  heavy  and  low  foot,  and  connected  with  a 
flexible  tube  of  caoutchouc  or  other  material, 
is  very  convenient. 

A  higher  temperature,  and  perfectly  smokeless 
flame,  is,  however,  obtained  by  burning  the  gas 
previously  mixed  mth  air.  Such  a  flame  is  easily 
produced  by  placing  a  cap  of  wire-gauze  on  the 
chimney  of  the  Argand  burner  just  described,  and  setting  fire  to  the 
oas  above  the  wii-e-gauze.    The  flame  does  not  penetrate  beloM^,  but 


*  When  in  viae,  this  aperturf)  rrrast  always  be  open,  otherwise  an  accident  is 
sure  to  happen  ;  tlie  heat  expands  the  air  in  the  lamp,  and  the  spii-it  is  forced 
out  in  a  state  of  inflammation. 
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the  gas,  in  passing  up  the  chimney,  becomes  mixed  with  air,  and  this 
mixture  biu'us  above  the  cap  with  a  blue,  smokeless  flame. 

Another  kind  of  burner  for  producing  a  smokeless  flame  has  been 
contrived  by  Professor  Bunsen,  and  is  now 
very  generally  used  in  chemical  laboratories.  ^'S'  i^^- 

In  this  burner  (fig.  113)  the  gas,  supplied 
by  a  flexible  tube  t,  passes  tlu'ough  a  set  of 
small  holes  into  the  box  at  a,  in  which  it 
ndxes  vrith  atmospheric  air  entering  li'eely 
by  a  number  of  holes  near  the  top  of  the 
box.  The  gaseous  mixtiu-e  passes  up  the 
tube  h,  and  is  inflamed  at  the  top,  where  it 
burns  with  a  tall,  blue,  smokeless  flame, 
giving  very  little  light,  but  much  heat. 
By  arranging  two  or  more  such  tubes, 

together  with  an  air-box  containing  a  sufficient  number  of  holes,  a 
very  powerful  burner  may  be  constructed. 

Considerable  improvements  in  this  form  of  burner  have  been 
made  by  Mr.  Gritiin,  who  has  also  constructed,  on  the  same  prm- 
ciple,  powerful  gas-fiu'naces,  affording  heat  sufficient  for  the  decom- 
position of  silicates,  and  the  fusion  of  considerable  quantities  of 
copper  or  ii'on.*  The  principle  of  bm-ning  a  mixture  of  gas  and 
air  is  also  applied  in  Hoimami's  gas-firrnace  for  organic  analysis, 
which  will  be  described  under  Organic  Cheinistry. 

The  kindling-point,  or  temperatrae  at  which  combustion  com- 
mences, is  very  different  with  ditferent  substances  ;  phosphorus  will 
sometimes  take  fii-e  in  the  hand  ;  sulphiu-  requires  a  temperature 
exceeding  that  of  boiling  water  ;  charcoal  must  be  heated  to  redness. 
Among  gaseous  bodies  the  same  fact  is  observed ;  hydrogen  is 
inflamed  by  a  red-hot  wire  ;  light  carbiu'etted  liydrogen  requires  a 
white  heat  to  effect  the  same  thing.  When  flame  is  cooled  by  any 
means  below  the  temperature  at  which  the  rapid  oxidation  of  the 
combustible  gas  occurs,  it  is  at  once  extinguished.  Upon  this 
depends  the  principle  of  Sir  H.  Davy's  invaluable  safety-lamp. 

Mention  has  ab-eady  been  made  of  the  frequent  disengagement  of 
great  quantities  of  light  carburetted  hydi-ogen  gas  in  coal  mines. 
This  gas,  mixed  with  seven  or  eight  times  its  volume  of  atmospheric 
air,  becomes  highly  explosive,  taking  fire  at  a  light  and  burning 
with  a  pale-blue  flame ;  and  many  fearful  accidents  have  occurred 
from  the  ignition  of  large  quantities  of  mixed  gas  and  air  occupy- 
ing the  extensive  galleries  and  workings  of  a  mine.  Davy  under- 
took an  investigation  with  a  view  to  discover  some  remedy  for 
this  constantly  occurring  calamity;  his  labours  resulted  in  some 
exceedingly  important  discoveries  respecting  flame,  which  led  to  the 
construction  of  the  lamp  which  bears  his  name. 

When  two  vessels  filled  with  a  gaseous  exjdosive  mixture  are 

/■It*  ^^'^x  article  on  Gas-burners  and  Furnaces  in  Watts 's  Dictionary  of 
Chemistry,  ii.  782. 


184 


CARBON. 


connected  hj  a  nan-ow  tube,  and  tlie  contents  of  one  fired  by  the 
electric  spark,  or  otherwise,  the  flame  is  not  communicated  to  the 
other,  provided  the  diameter  of  the  tube,  its  length,  and  the  con- 
ducting power  for  heat  of  its  material,  bear  a  certain  proportion  to 
each  other  ;  the  flame  is  extinguished  by  cooling,  and  its  transmis- 
sion rendered  impossible. 

In  this  experiment,  high  condvicting  power  and  diminished 
diameter  compensate  for  dimiiiubion  in  length  ;  and  to  such  an 
extent  can  this  be  carried,  that  metallic  gauze,  which  may  be  looked 
upon  as  a  series  of  very  short  square  tubes  arranged  side  by  side, 
when  of  sufficient  degree  of  fineness,  arrests  in  the  most  complete 
manner  the  passage  of  flame  in  explosive  mixtures.  Now  the  fire- 
damp mixture  has  an  exceedingly  high  kindling  point ;  a  red  heat 
does  not  cause  inflammation ;  consequently,  the  gauze  will  be 
safe  for  this  substance,  when  flame  woidd  pass  in  almost  any  other 
case. 

The  miner's  safety-lamp  is  merely  an  ordinary  oil-lamp,  the  flame 
of  wliich  is  enclosed  in  a  cage  of  wire-gauze,  made 
Fig.  114.  double  at  the  upper  part,  containing  about  400 
apertures  to  the  square  inch.  The  tube  for  supply- 
ing oil  to  the  reservoir  reaches  nearly  to  the  bottom 
of  the  latter,  while  the  wick  admits  of  being  tiimmed 
by  a  bent  wire  passing  with  friction  through  a  small 
tube  in  the  body  of  the  lamp ;  the  flame  can  thus 
be  kept  burning  for  any  length  of  time,  without 
the  necessity  of  unscrewing  the  cage.  When  this 
lamp  is  taken  into  an  explosive  atmosphere,  although 
the  fire-damp  may  burn  within  the  cage  with  such 
energy  as  sometimes  to  heat  the  metallic  tissue  to 
dull  redness,  the  flame  is  not  commimicated  to  the 
mixture  on  the  outside. 

These  effects  may  be  conveniently  studied  by 
suspending  the  lamp  in  a  large  glass  jar,  and 
gradually  admitting  coal-gas  below.    The  oil-flame 
is  at  fii'st  elongated,  and  then,  as  the  proportion  of 
gas  increases,  extinguished,  while  the  interior  of 
the  gauze  cylinder  becomes  filled  vnth  the  bm-ning 
mixture  of  gas  and  air.    As  the  atmosphere  becomes 
purer,  the  vnck  is  once  more  relighted.  These 
appearances  are  so  remarkable  that  the  lamp  becomes  an  admir- 
able indicator  of  the  state  of  the  air  in  difl'erent  parts  of  the 
mine.* 


*  This  is  the  trae  rise  of  the  lamp,  namely,  to  permit  the  viewer  or  superin- 
tendent, without  risk  to  hhiiself,  to  examine  the  state  of  the  air  in  every  part 
of  the  mine  ;  not  to  enable  workman  to  continue  tlieir  Labours  in  an  atmo- 
sphere habitually  e.xplosive,  which  must  be  unfit  for  human  respiration, 
although  the  evil  effects  may  be  slow  to  appear.  Owners  of  coal-mines  should 
be  compelled  either  to  adopt  efficient  means  of  ventilation,  or  to  close  work- 
ings of  this  dangerous  character  altogether. 
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The  same  principle  is  ingeniously  applied  in 
of  Hemniing's  oxyhycbogen  safety -jet  already 
mentioned.  This  is  a  tube  of  brass  about  four 
inches  long,  filled  with  straight  pieces  of  fine 
brass  wii'e,  the  whole  being  tightly  wedged  to- 
gether by  a  pointed  rod,  forcibly  driven  into  the 
centre  of  the  bimdle.  The  arrangement  thus 
presents  a  series  of  metallic  tubes,  very  long 
in  proportion  to  their  diameter,  the  cooling- 
powers  of  which  are  so  great  as  to  prevent  the 
possibility  of  the  passage  of  flame,  even  witlr 
oxygen  and  hydrogen.  The  jet  may  be  used, 
as  before  mentioned,  with  a  common  bladder, 
without  the  chance  of  explosion.  The  funda- 
mental fact  of  flame  being  extinguished  by  con- 
tact with  a  cold  body,  may  be  strildnglj^  shown 
by  tmsting  a  copper  wire  into  a  short  spii-al, 
about  0-1  inch  in  diameter,  and  then  passing 
it  cold  over  the  flame  of  a  wax  candle ;  the 
latter  is  extinguished.  If  the  spii-al  be  now 
heated  to  redness  by  a  spirit-lamp,  and  the 
experiment  repeated,  no  such  efi'ect  follows. 


the  construction 


Fig.  115. 


Compound  of  Carbon  and  Nitrogen.  Cyanogen. 

When  a  stream  of  air  is  passed  over  a  mixture  of  charcoal  and 
potassiuna  carbonate  kept  at  a  bright  red  heat,  the  nitrogen  of  the  aii- 
unites  with  the  carbon  and  the  potassium,  forming  a  compound 
called  potassium  cyanide,  containing  39  parts  of  potassium,  12  of 
carbon,  and  14  of  nitrogen,  and  represented  by  the  formula  KCN. 
It  is  a  crystalline  salt,  which  dissolves  easily  in  water,  and  decom- 
poses mercuric  oxide,  forming  potassium  hydrate  and  mercuric 
cyanide  : 


+ 


H,0 
Water. 


HgC,N2 


+    HgO    =    2KH0  + 

Mercuric         Potassium  Mei'curic 
oxide.  hydroxide.  cyanide. 


2KUN 

Potassium 
cyanide. 

Now,  when  dry  mercuric  cyanide,  which  is  a  white  crystalline 
substance,  is  strongly  heated  in  a  glass  tulje,  fitted  up  like  that 
used  for  the  evolution  of  oxygen  from  mercuric  oxide  (p.  117),  it 
splits  up,  like  the  oxide,  into  metallic  mercury,  and  a  gaseous  body 
called  cyanogen,  containing  12  parts  by  weight  of  carbon  and  14 
of  nitrogen,  and  represented  by  the  formula  CN.  It  must  be  col- 
lected over  laercury,  as  it  is  rapidly  absorbed  by  water. 

Cyanogen  is  a  colourless  gas,  having  a  pungent  and  very  peculiar 
odour,  remotely  resembling  that  of  peach-kemels.  Exposed  while  at 
the  temperature  of  45°  F.  (7-2°  C.)  to  a  pressure  of  3-6  atmospheres, 
It  condenses  to  a  thin,  colourless,  transparent  liquid.  It  is  inflam- 
mable, and  burns  with  a  beautiful  purple  or  peach-blossom-coloured 
flame,  generating  carbon  dioxide  and  liberating  nitrogen.  Its 
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specific  gravity  is  1"801  referred  to  air,  or  26  referred  to  hydrogen  as 
unity.  One  volume  of  it  exploded  witli  2  vols,  oxygen,  yields  1  voL 
nitrogen  and  2  vols,  carbon  dioxide.  Now,  the  weights  of  equal 
volumes  of  cyanogen,  nitrogen,  and  carbon  dioxide  are  as  26  : 14: 22. 
Consequently,  26  parts  by  weight  of  cyanogen  yield  by  combustion 
14  parts  of  nitrogen  and  44  parts  of  carbon  dioxide,  containing  12 
parts  of  carbon  ;  or  26  cyanogen  =  12  carbon  +  14  nitrogen. 

Water  dissolves  4  or  6  times  its  volmue  of  cyanogen  gas,  and 
alcohol  a  much  larger  quantity:  the  solution  rapidly  decomposes, 
yielding  ammonium  oxalate,  a  brown  insoluble  matter,  and  other 
products. 

Cyanogen  unites  (though  not  directly)  with  hydrogen,  forming 
the  very  poisonous  compound  called  hydrocyanic  or  prussic 
acid;  and  with  metals,  forming  compounds  called  cyanides,  ana- 
logous in  composition  and  character  to  the  chlorides,  iodides, 
bromides,  &c.  In  short,  this  group  of  elements,  represented  by  the 
formula  CN,  combines  with  elementary  bodies,  and  is  capable  of 
passing  from  one  state  of  combination  to  another,  just  as  if  it  were 
itseK  an  elementary  body.  Such  a  group  of  elements  is  called  a 
compound  radicle.  We  have  already  had  occasion  to  notice 
another  such  group,  viz.,  ammoniiun,  NH^.  Cyanogen,  however, 
is  analogous  in  its  chemical  relations  to  the  non-metaHic  elements, 
chlorine,  bromine,  oxygen,  &c. ;  whereas  ammonium  is  a  quasi-metal 
analogous  to  potassium,  &c. 

The  Qompounds  of  cyanogen  wUl  be  further  considered  under 
Organic  Chemistry. 


CHLORINE. 

Atomic  weight,  35  "5.  Symbol,  CI. 
This  substance  is  a  member  of  a  very  important  natural  group, 
containing  also  iodine,  bromine,  and  fluorine.  So  great  a  degree 
of  resemblance  exists  between  these  bodies  in  all  theii"  chemical 
relations,  especially  between  chlorine,  bromine,  and  iodine,  that 
the  history  of  one  will  almost  serve,  with,  a  few  little  alterations, 
for  that  of  the  rest.  On  account  of  the  occurrence  of  chlorine,  bro- 
mine, and  iodine  in  sea-water,  the  elements  of  this  group  are  called 
halogen-elements,  and  their  metallic  compoimds,  haloid  com- 
pounds.* 

Chlorine  is  a  very  abundant  substance :  in  common  salt  it  exists 
in  combination  with  sodiiun.  It  is  most  easily  prepared  hj  pouring 
strong  hydrochloric  acid  upon  finely  powdered  black  oxide  of 
manganese  (MnOg)  contained  in  a  retort  or  flask  (fig.  116),  and 
app)lying  a  gentle  heat;  a  heavy  yellow  gas  is  disengaged,  wliich  is 
the  substance  in  question. 

It  may  be  collected  over  warm  water,  or  by  displacement:  the 

*  From  a\s,  the  sea. 
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mercurial  trough  cannot  be  employed,  as  the  chlorine  rax:)!!.!!/  acts 
upon  the  metal,  and  becomes  absorbed. 

The  reaction  consists  in  an  interchange  between  the  2  atoms  ot 
oxycren  of  the  manganese  dioxide  and  4  atoms  of  chlorine  from  the 
hycbochloric  acid,  the  oxygen  iinituig  with  the_  hydi-ogen  to  form 
water,  while,  of  the  chlorine,  one-half  imites  with  the  manganese, 
forming  a  chloride,  MnCla,  and  the  other  half  is  given  off  as  gas : 

Mn02  +  4HC1  =  2H2O  +  MnCl^  +  CI,. 

The  same  process  is  used  for  the  preparation  of  chlorine  on  the 
manufacturing  scale,  the  hydrochloric  acid  which  is  evolved  in 
large  quantities  by  heating  common  salt  with 
sulphuric  acid,  in  Leblanc's  soda-process  being 
utilised  for  the  jjurpose. 

The  waste-Liquor  obtained  in  the  chlorine 
manufacture  consists  of  an  impure  solution  of 
manganous  chloride  MnClj,  from  which  the 
manganese  may  be  separated  by  an  alkali  in  the 
form  of  manganoirs  oxide,  MnO.  But  to  render 
the  manganese  thus  precipitated  again  available 
for  the  production  of  chlorine,  it  must  fii'st  be 
brought  to  the  state  of  dioxide,  and  this  may  be 
effected  by  mixing  the  manganese  lic[uor  with. 
an  excess  of  hot  milk  of  lime,  or  magnesia,  and 
blowing  hot  air  through  the  mixtirre.  By  this 
means,  a  compound  of  manganese  dioxide  mth 
lime  or  magnesia,  e.g.  CaO.MnOg,  or  CaMnOg, 
called  calcium  or  magnesium  manganite, 
is  formed,  which,  when  heated  with  hydro- 
chloric acid,  gives  off  chlorine  in  the  manner 
above  described.  This  is  Weldon's  process 
for  the  regeneration  of  manganese,  which  is 
now  largely  used  both  in  England  and  on  the 
Continent. 

A  process  for  the  separation  of  chlorine  from  hydrochloric  acid 
without  the  use  of  any  manganese  compound,  has  been  introduced 
by  Mr.  H.  Deacon.  It  consists  in  passing  a  mixtiu-e  of  hydi'ochloric 
acid  gas  and  oxygen,  or  air,  over  cupric  sulphate  or  other 
cupnc  salt  heated  to  370-400°  C.  (698-752°  F.),  the  hydrochloric 
acid  being  then  decomposed,  its  hydrogen  combining  with  the 
oxygen,  and  the  chlorine  being  set  free.  The  best  way  of  conducting 
the  process  is  to  pass  the  mixed  gases  over  pieces  of  brick 
soaked  in  solution  of  cupric  sulphate  and  dried.  The  action  of  the 
copper  salt  is  not  well  imderstood,  but  appears  to  belong  to  tliat 
class  of  phenomena  called  catalytic  or  contact  actions.  Other  metallic 
salts  act  in  a  similar  way,  but  less  completely. 

Chlorine  is  a  yellow  gaseous  body,  of  intolerably  snflbcating  pro- 
perties, producing  very  violent  cough  and  ii-ritation  when  inhaled, 
even  m  exceedingly  small  quantity.    It  is  soluble  to  a  considerable 
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extent  in  water,  that  liquid  absorbing  at  15*5°  about  twice  its  volume, 
and  acquiring  the  colour  and  odour  of  the  gas.  When  this  solution 
is  exposed  to  light,  it  is  slowly  changed,  by  decomposition  of  water, 
into  hydrochloric  acid,  the  oxygen  being  at  the  same  time  liberated. 
When  moist  chlorrue  gas  is  exposed  to  a  cold  of  0°,  yellow  crystals 
are  formed,  which  consist  of  a  definite  compound  of  chlorine  and 
water  containing  35-5  parts  of  the  former  to  90  of  the  latter. 

Chlorine  has  a  specific  gravity  of  2-47  ;  a  liter  of  it  weighs 
3"17344  grams;  exposed  to  a  pressiu'e  of  about  four  atmospheres,  it 
condenses  to  a  yellow  limpid  liquid. 

Chlorine  has  but  little  attraction  for  oxygen,  its  energies  being 
principally  exerted  towards  hydrogen  and  the  metals.  A  lighted 
taper  plunged  iuto  the  gas  continues  to  bm-n  with  a  dull-red  light, 
and  emits  a  large  quantity  of  smoke,  the  hydrogen  of  the  wax  being 
alone  consumed,  and  the  carbon  separated.  If  a  piece  of  paper  be 
wetted  with  oU  of  turpentine,  and  thrust  into  a  bottle  filled  vdth 
chlorine,  the  chemical  action  of  the  latter  upon  the  hydrogen  is  so 
violent  as  to  cause  inflammation,  accompanied  by  a  copious  deposit 
of  soot.  Chlorine  may,  by  indii-ect  means,  be  made  to  combine  with 
carbon ;  but  this  combination  never  occurs  under  the  circumstances 
described. 

Phosphorus  takes  fire  spontaneously  in  chlorine,  burning  with  a 
pale  and  feebly  luminous  flame.  Several  of  the  metals,  as  copper- 
leaf,  powdered  antimony,  and  arsenic,  undergo  combustion  in  the 
same  manner.  A  mixture  of  equal  measures  of  chlorine  and  hydi-ogen 
explodes  with  violence  on  the  passage  of  an  electric  spark,  or  on  the 
application  of  a  lighted  taper,  hydrochloric  acid  gas  being  formed. 
Such  a  mixture  may  be  kept  in  the  dark  for  any  length  of  time  -with- 
out change  :  exposed  to  difl:use  daylight,  the  two  gases  slowly  unite, 
while  the  direct  rays  of  the  sun  induce  iustantaneous  explosion. 

The  most  characteristic  property  of  chlorine  is  its  bleaching 
power;  the  most  stable  organic  colom-ing  principles  are  instantly 
decomposed  and  destroyed  by  this  remarkable  agent :  indigo,  for 
example,  which  resists  the  action  of  strong  oil  of  vitriol,  is  converted 
by  chlorine  into  a  brownish  substance,  to  which  the  blue  colour 
cannot  be  restored.  The  presence  of  water  is  essential  to  these 
changes,  for  the  gas  in  a  state  of  perfect  dryness  is*  incapable  even 
of  affecting  litmus. 

Chlorine  is  largely  used  ia  the  arts  for  bleaching  hnen  and  cotton 
goods,  rags  for  the  manufacture  of  paper,  &c.  For  these  pm-poses, 
it  is  em^Joyed,  sometimes  in  the  state  of  gas,  sometimes  in  that  of 
solution  in  water,  but  more  frequently  in  combmation  with,  lime, 
forming  the  substance  called  bleaching-powder.  It  is  also  one  of 
the  best  and  most  potent  substances  that  can  be  used  for  the 
purpose  of  disinfection,  but  its  employment  requires  care.  Bleach- 
ing-powder mixed  with  water,  and  exposed  to  the  air  in  shallow 
vessels,  becomes  slowly  decomposed  by  the  carbonic  acid  of  the 
atmosphere,  and  the  chlorine  is  evolved  :  if  a  more  rapid  disengage- 
ment be  wshed,  a  little  acid  of  any  kind  may  be  added.    In  the 
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absence  of  Lleachitig-powder,  either  of  the  methods  for  the  produc- 
tion of  the  gas  described  may  be  had  recourse  to,  always  taking 
ciU'e  to  avoid  an  excess  of  acid. 

Hydrogen  Chloride,  or  HydrocMoric  Acid,  HCl ;  also  called 
C'hlorhydric  and  Muriatic  Acid. — This  substance,  in  a  state  of  solu- 
tion in  water,  has  long  been  known.  The  gas  is  prepared  with  the 
utmost  ease  by  heating,  in  a  flask  fitted  with  a  cork  and  bent  tube,  a 
mixture  of  common  salt  and  oil  of  vitriol  diluted  with  a  small 
quantity  of  water  ;  it  must  be  collected  by  displacement,  or  over 
merciuy.  It  is  a  colom-less  gas,  which  fumes  strongly  in  the  au' 
from  condensing  the  atmospheric  moisture  ;  it  has  an  acid,  sufib- 
cating  odour,  but  is  much  less  offensive  than  chlorine.  Exposed  to 
a  jtressure  of  40  atmospheres,  it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1'269  compared  with  air, 
or  18-25  compared  with  hydi'ogen  as  unity.  It  is  exceedingly 
soluble  in  water,  that  hquicl  taking  up,  at  the  temperature  of  the 
air,  about  418  times  its  bulk.  The  gas  and  solution  are  powerfully 
acid. 

The  action  of  sulphuric  acid  on  common  salt,  or  any  analogous 
substance,  is  explained  by  the  equation, 

2NaCl  -1-  H2SO4  =  Na2S04  +  2HC1 . 

The  composition  of  hydrochloric  acid  may  be  determined  by 
synthesis  :  when  a  measure  of  chlorine  and  a  measure  of  hydi'ogen 
are  fired  by  the  electric  spark,  two  measiu'es  of  hydrochloric  acid 
gas  result,  the  combination  being  unattended  by  change  of  volume. 
By  weight  it  contains  35-.5  parts  of  chlorine  and  1  part  of  hydrogen. 

Solution  of  hydi-ochloric  acid,  the  liquid  acid  of  commerce,  is  a 
very  important  preparation,  and  of  extensive  use  in  chemical  pur- 
suits :  it  is  best  prepared  by  the  following  arrangement : — 

_A  large  glass  flask,  containing  a  quantity  of  common  salt,  is  fitted 
with  a  cork  and  bent  tube,  in  the  manner  represented  in  fig.  117 : 
this  tube  passes  through  and  below  a  second  tube  into  a  wide-neckecl 
l)ottle,  containing  a  little  water,  into  which  the  open  tube  dips.  A 
bent  tube  is  adapted  to  another  hole  in  the  cork  of  the  wash-bottle, 
so  as  to  convey  the  purified  gas  into  a  cjuantity  of  distilled  water,  by 
wliich  it  is  instantly  absorbed :  the  joints  are  made  air-tight  by  melt- 
ing a  little  yellow  wax  over  the  corks. 

A  quantity  of  sulphuric  acid,  about  equal  in  weight  to  the  salt, 
is  then  slowly  introduced  by  the  funnel ;  the  disengaged  gas  is  at 
first  wholly  absorbed  by  the  water  in  the  wash-bottle,  but  when 
this  becomes  saturated,  it  passes  into  the  second  vessel,  and  tliere 
dissolves.  Wlien  all  the  acid  has  been  added,  heat  may  be  applied 
to  the  flask  by  a  charcoal  chauffer,  until  its  contents  appear  nearly 
dry,  and  the  evolution  of  gas  almost  ceases,  when  the  proc(:ss  may 
lie  stopped.  As  much  heat  is  given  out  during  the  condensation  of 
the  gas,  it  is  necessary  to  surround  the  condensing  vessel  with  cold 
water. 


190 


OHLORINE. 


The  simple  wash-bottle,  shown  in  figure  117,  will  be  found 
an  exceeding  usefully  contrivance  in  a  great  number  of  chemical 
operations.  It  serves  in  the  present,  and  in  many  similar  cases 
to  retain  any  licxuid  or  solid  matter  mechanically  carried  over  witli 


Fig.  117. 


the  gas,  and  it  may  be  always  employed  when  a  gas  of  any  kind 
is  to  be  passed  through  an  alkaline  or  other  solution.  The  open 
tube  dipping  into  the  liquid  prevents  the  possibility  of  absoii^tiou, 
by  which  a  partial  vacuum  would  be  occasioned,  and  the  liquid  of 
the  second  vessel  lost  by  being  driven  into  the  first. 

The  arrangement  by  which  the  acid  is  introduced  also  deserves  a 
moment's  notice  (fig.  118).  The  tube  is  bent  twice  upon  itself,  and 
a  bulb  blown  in  one  portion :  the  liquid  poured  into  the  funnel  rises 
upon  the  opposite  side  of  the  first  bend  imtil  it  reaches  the  second ; 
it  then  flows  over  and  runs  into  the  flask.  Any  quantity  can  then 
be  got  into  the  latter  without  the  introduction  of  aii-,  and  without 
the  escape  of  gas  from  the  interior.  The  funnel  acts  also  as  a  khid 
of  safety-valve,  and  in  both  dii-ections ;  for  if  hj  any  chance  the 
delivery-tube  should  be  stopped,  and  the  issue  of  gas  prevented, 
its  increased  elastic  force  soon  drives  the  little  column  of  liquid  out 
of  the  tube,  the  gas  escapes,  and  the  vessel  is  saved.  On  the  other 
hand,  any  absorption  within  is  quickly  compensated  by  the 
entrance  of  air  thi'ough  the  liquid  in  the  bulb. 


CHLORINE.  191 


The  plan  employed  on  the  large  scale  by  the  manufacturer  is  the 
-  same  u\  principle  as  that  described ;  he  merely  substitutes  a  large 
iron  cyUuder,  or  apparatus  made  of  lead,  for  the  flask, 
and  vessels  of  stoneware  for  those  of  glass.  rig.  lis. 

Piu'e  solution  of  hycbochloric  acid  is  transparent  and 
colourless  :  when  strong  it  fumes  in  the  air-  by  evolving 
a  little  gas.  It  leaves  no  residue  on  evaporation,  and 
gives  no  precipitate  or  opacity  with  diluted  solution  of 
barium  chloride.  When  saturated  with  the  gas,  it  has  a 
specific  gravity  of  1-21,  and  contains  about  42  percent,  of 
real  acid.  The  commercial  acid,  which  is  obtained  in 
immense  quantity  as  a  secondary  product  in  the  manu- 
facture of  sodium  sidphate  by  the  action  of  sulphiuic  acid 
npon  common  salt,  has  usually  a  yellow  colour,  and  is  very 
impure,  containing  salts,  sulphmic  acid,  chloride  of  iron,  and 
organic  matter.  It  may  be  rendered  sufficiently  pm-e  for 
most  purposes  by  cUlutuig  it  to  the  density  of  I'l,  which 
happens  when  the  strong  acid  is  mixed  with  its  own  bulk 
or  rather  less  of  water,  and  then  distUling  it  in  a  retort 
furnished  with  a  Liebig's  condenser. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid  is 
produced  boiling  at  110°  which  contains  20-22  per  cent,  of  anhydimis 
hycbochloric  acid :  a  more  concentrated  solution  when  heated  gives 
off  hydrochloric  acid  gas ;  a  weaker  solution  loses  water.  Roscoe 
and  Dittmar  have  proved  that  the  composition  of  the  distillate 
varies  with  the  atmospheric  pressm-e ;  it  cannot,  therefore,  be  viewed 
as  a  chemical  compound. 

A  crystalline  hytbate  of  hydrochloric  acid,  having  the  composition 
HCl .  aHoO,  is  formed  by  passing  a  stream  of  nearly  diy  hydro- 
chloric acid  gas  through  the  concentrated  aqueous  acid  cooled  by 
a  freezmg  mixture  to  -  22°.  The  crystals  decompose  rapidly  in  the 
air,  emitting  wliite  fumes ;  they  dissolve  very  quickly  iu  water  at 
ordinary  temperatures ;  very  slowly  at  - 18°. 

Mixtures  of  snow  and  hycbochloric  acid  form  very  powerful  and 
economical  refrigerants.  With  two  parts  of  snow  and  1  part  of  the 
acid  a  lowermg  of  temperature  to  -  32°  is  readily  obtained.* 

Nitro-hydrochloric  Acid.— A  mixture  of  nitric  and  hydrochloric  acid 
has  long  been  known  under  the  name  of  aqua  regia,  from  its  property 
ot  dissolving  gold.  When  these  two  substances  are  heated  together, 
tHey  both  undergo  decomposition,  nitrogen  tetroxide  and  chlorine 
being  evolved.  This,  at  least,  appears  to  be  the  final  result  of  the 
action :  at  a  certain  stage,  however,  two  peculiar  suljstances,  consist- 
ing ot  nitrogen,  oxygen,  and  chlorine  (chloronitric  acid  gas,  NOCL, 
and  chlonmitrous  gas,  NOCl),  appear  to  be  formed.  It  is  only  the 
chlorine  which  attacks  the  metal. 

_  The  presence  of  hydrochloric  acid,  or  any  other  soluble  chloride, 
13  easily  detected  by  solution  of  silver  nitrate.    A  white  curdy  pre- 
*  Pierre  and  Puoliot,  Comptcs  rendus,  Ixxxii.  45. 
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cipitate  is  produced,  insoluble  in  nitric  acid,  freely  soluble  in 
ammonia,  and  subject  to  blacken  by  exposure  to  light. 

Oxides  and  Oxyacids  of  Chlorine. 

There  are  four  oxyacids  of  chlorine,  which  may  be  regarded  as 
oxides  of  hydrochloric  acid ;  thus — 

Cotnposition  by  weight. 



Chlorine.  Oxygen, 
35-5 

35-5  +  16 

35-5  +  32 

35-5  +  48 

35-5  +  64 

The  anhydrous  chlorine  oxides  corresponding  with  hypochlorous 
and  chlorous  acids  are  also  known,  namely- 
Chlorine.        Chlorine.  Oxygen, 
35-5      +      35-5      +  16 

35-5      +      35-5      +  48 

Also  an  oxide  to  which  there  is  no  corresponding  acid,  namely- 
Chlorine.  Oxygen. 
Chlorine  tetroxide,  CLO4     .    .     2  x  35-5    +  64 

The  oxides  corresponding  with  chloric  and  perchloric  acid  have 
not  been  obtained. 

Hypochlorous  and  chloric  acids  are  produced  by  the  action  oi 
chlorine  on  certain  metallic  oxides  in  presence  of  water;  hypo- 
chlorous and  chlorous  acids  also  by  dii-ect  oxidation  of  hydrochloric 
acid.  Perchloric  acid  and  chlorine  tetroxide  result  from  the  decom- 
position of  chloric  acid. 

Hypoclilorous  Oxide,  Acid,  and  Salts. — The  oxide  is  best  pre- 
pared by  the  action  of  chlorine  gas  upon  dry  mercui-ic  oxide.  This 
oxide,  prepared  by  precipitation,  and  dried  by  exposure  to  a  strong 
heat,  is  introduced  into  a  glass  tube  kept  cool,  and  well-washed 
dry  chlorine  gas  is  slowly  passed  over  it.  Mercuric  chloride  (HgClg) 
and  hypochlorous  oxide  are  thereby  formed ;  the  latter  is  collected 
by  displacement.  The  reaction  by  which  it  is  produced  is  repre- 
sented by  the  equation, 

2HgO  +  C\  =  C1,0  -1-  HgClg . 

The  mercuric  chloride,  however,  does  not  remain  as  such  ;  it 
combtaes  with  another  portion  of  the  oxide  when  the  latter  is  in 
excess,  forming  a  pecuUar  brown  compound,  an  oxychloride  of 


Foi-raula.  Hydrogen. 

Hydrochloric  acid,    HCl  1  + 

Hypochlorous  acid,  HCIO  1  -1- 

Chlorous  acid,  .       HClOg  1  + 

Chloric  acid,    .       HCIO3  1  -t- 

Perchloric  acid,       HCIO4  1  -t- 


Chlorine  monoxide,  or  Hypo- 
chlorous oxide,  CUO,     .  . 

Chlorine  trioxide,  or  Chlorous 
oxide,  CI.2O3,  
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mercury  HyCl,.HgO.  It  is  remarkable  that  the  crystalline  mer- 
curic oxide  prej^ared  by  calcining  tlie  nitrate,  or  by  the  dii-ect  oxida- 
tion of  the  metal,  is  scarcely  acted  upon  by  cliloriue  under  the  cir- 
ciunstances  described. 

Hypochlorous  oxide  is  a  pale-yeUow  gaseous  body,  containing,  in 
every  two  measures,  two  measiu-es  of  chlorine  and  one  of  oxj^gen, 
and  is  therefore  analogous  in  constitution  to  water.  It  explodes, 
although  mth  no  great  violence,  by  slight  elevation  of  temperature. 
Its  odour  is  pecidiar,  and  quite  different  from  that  of  chlorine. 
"\ATien  the  flask  or  bottle  in  which  the  gas  is  received  is  exposed  to 
artificial  cold  by  the  aid  of  a  mLxtiu'e  of  ice  and  salt,  the  hypo- 
chlorous  oxide  condenses  to  a  deep-red  Uquid,  slowly  soluble  in  water, 
and  very  subject  to  explosion. 

Hiipochloro'iis  acid  is  produced  by  the  solution  of  hjrpochlorous 
oxide  in  water :  also  by  passiiag  air  satiu-ated  with  hydrochloric 
acid  gas  through  a  solution  of  potassium  permanganate  acidulated 
with  hydrochloric  acid  and  heated  in  a  water-bath :  the  distillate  is 
a  solution  of  hypochlorous  acid,  formed  by  oxidation  of  the  hydro- 
chloric acid  ;  thii-dly,  by  decomposing  a  metallic  hjqjocMorite  with 
sulphuric  acid  or  other  oxacid ;  fourthly,  by  passing  chlorine  gas 
into  water  holding  in  suspension  a  solution  containing  metallic 
oxides,  hydroxides,  carbonates,  sulphates,  phosphates,  &c.,  the  most 
advantageous  for  the  purpose  being  mercuric  oxide,  or  calcium  car- 
bonate (chalk),  CaCOg,  the  products  in  this  case  being  carbon 
dioxide,  calcium  chloride,  and  hypochlorous  acid : 

CaCOj  +  H2O  +  Cl^  =  CO2  +  CaCl^  +  2HC10  . 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish 
coloiLT,  an  acid  taste,  and  a  characteristic  sweetish  smell.  The 
strong  acid  decomposes  rapidly  even  when  kept  in  ice.  The  dilute 
acid  is  more  stable,  but  is  decomposed  by  long  boiling  into  chloric 
acid,  water,  chlorine,  and  oxygen.  Hydrochloric  acid  decomposes 
it,  with  formation  of  chlorine  : 

HCIO  +  HCl  =  H2O  +  CI2. 

It  is  a  very  powerful  bleaching  and  oxidising  agent,  converting 
many  of  the  elements— iodine,  selenium,  and  arsenic,  for  example— 
into  their  highe.st  oxides,  and  at  the  same  time  liberating  chlorine. 

Metallic  hypochlorites  may  be  obtained  in  the  pure  state  by  neu- 
tralising hypochlorous  acid  with  metallic  hydroxides,  such  as  those  of 
sodium,  calcium,  copper,  &c.;  but  they  are  usually  prepared  by 
passing  chlorine  gas  into  solutions  of  alkalis  or  alkaline  carbonates, 
or  over  the  dry  hydroxides  of  the  earth-metals.  In  this  process  a 
metal  ic  chloride  is  formed  at  the  same  time.  With  dry  slaked 
lime,  lor  example,  which  is  a  hydroxide  of  calcium,  CaHjO^,  thepro- 
water-'^''^  calcium  hypochlorite,  CaCl^Oa,  calciiun  cliloride,  and 

2CaH202  4-  CI,  =  CaCl^Og  -F  CaCl,  -1-  2ll.f> .  ; 
rOWNES.— VOL.  I.  N 
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The  salts  thus  obtained  constitute  the  bleaching  and  disinfecting 
salts  of  commerce.  They  will  be  more  fully  described  under  the 
head  of  Calcium  Salts. 

Chlorous  Oxide,  Acid,  and  Salts.— The  oxide  is  prepared  by 
heatuig  in  a  flask  filled  to  the  neck,  a  mixture  of  foiu-  parts  of  potas- 
sium chlorate  and  3  parts  of  arsenious  oxide  with  12  parts  of 
nitric  acid  previously  diluted  with  4  parts  of  water.  Diuing  the 
operation,  which  must  be  performed  in  a  water-bath,  a  greenish- 
yellow  gas  is  evolved,  which  is  permanent  in  a  freezing  mixture 
of  ice  and  salt,  but  liquefiable  by  extreme  cold.  It  dissolves  freely 
in  water  and  in  alkaltue  solutions,  forming  chlorous  acid  and 
metallic  chlorites.  The  reaction  by  which  chlorous  oxide  is  formed 
is  somewhat  complicated.  The  arsenious  oxide  deprives  the  nitric 
acid  of  part  of  its  oxygen,  regluciag  it  to  nitrous  acid,  which  is  then 
reoxidised  at  the  expense  of  the  cliloric  acid,  reducing  it  to  chlorous 
oxide  : 

2HC10^   +    2HNO2    =    SHNOj    -t-    H2O    +  CIA- 

Chloric  Nitrous  Nitric  ,  Chlorous 

acid.  acid.  acid.  oxide. 

CJilorous  Acid  may  be  prepared  by  condensing  chlorous  oxide  in 
water,  or  by  decomposing  a  metallic  chlorite  with  dilute  sulphuric 
or  phosphoric  acid.  Its  concentrated  solution  is  a  greenish-yeUow 
liquid  having  strong  bleaching  and  oxidising  properties.^  It  does 
not  decompose  carbonates,  but  acts  strongly  with  caustic  alkalis 
and  earths  to  form  chlorites. 

Chlorine  Tetroxide,  ClgO.. — When  potassium  chlorate  is  made 
into  a  paste  with  concentrated  siUphuric  acid,  and  cooled,  and  tliis 
paste  is  very  cautiously  heated  by  warm  water  in  a  small  glass 
retort,  a  deep  yellow  gas  is  evolved,  which  is  the  body  in  question ; 
it  can  be  collected  only  by  displacement,  since  mercmy  decomposes 
and  water  absorbs  it. 

Chlorine  tetroxide  has  a  powerful  odoiir,  quite  different  from 
that  of  the  preceding  compounds,  and  of  chlorine  itself.  It  is 
exceedingly  explosive,  being  resolved  ^dth  violence  into  its  elements 
by  a  temperatiu'e  short  of  the  boiling  point  of  water.  Its  prepara- 
tion is,  therefore,  always  attended  Math  danger,  and  should  be 
performed  only  on  a  small  scale.  It  is  composed  by  measure  of 
one  volume  of  chlorine  and  two  volumes  of  oxygen,  condensed  into 
two  volumes.  It  may  be  liquefied  by  cold.  The  solution  of  the 
gas  in  water  bleaches. 

The  euchlorine  of  Davy,  prepared  by  gently  heating  potassium 
chlorate  with  dilute  hydrochloric  acid,  is  probably  a  mixtm-e  of 
chlorine  tetroxide  and  free  chlorine. 

The  production  of  chlorine  tetroxide  from  potassium  chlorate 
and  sulphuric  acid  depends  upon  the  spontaneous  splitting  of  the 
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chloric  acid  into  chlorine  tetroxide  and  perchloric  acid,  which 
latter  remains  as  a  potassium  salt. 

6KCIO3  +  3H2SO,  =  2CI2O,  +  2HC10,  +  SK^SO,  +  2H2O. 

Potassium         Hydrogen  Hydrogen  Potassium 

chJorute.  sulpliate.  perchlorute.  sulphate. 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched  with 
a  di-op  of  oil  of  vitriol,  it  is  instantly  set  on  tire,  the  chlorine 
tetroxide  disengaged  being  decomposed  by  the  combustible  substance 
with  such  violence  as  to  cause  inilammation.  If  crystals  of  potas- 
sium chlorate  be  throwTi  into  a  glass  of  water,  a  few  small  fragments 
of  phosphorus  added,  and  then  oU  of  vitriol  poured  down  a  nar- 
row funnel  reaching  to  the  bottom  of  the  glass,  the  phosphorus 
will  birrn  beneath  the  surface  of  the  water,  by  the  assistance  of  the 
oxygen  of  the  chlorine  tetroxide  disengaged.  The  liquid  at  the 
same  time  becomes  yellow,  and  acquii-es  the  odoiu'  of  that  gas. 

CMoric  Acid,  HCIO3. — This  is  the  most  important  compound  of 
the  series.  When  chlorine  is  passed  to  saturation  into  a'moderately 
strong  hot  solution  of  potassium  hycb?oxide  or  carbonate,  and  the 
liquid  concentrated  by  evaporation,  it  yields,  on  cooling,  flat  tabular 
crystals  of  a  colourless  salt,  consisting  of  potassium  chlorate.  The 
mother-liquor  contains  potassium  chloride : 

3K2O    +    C\    =    5KC1    +  KCIO3 
Potassium  Potassium  Potassium 

oxide.  cliloride.  clilorate. 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boil- 
ing the  .salt  with  a  solution  of  hydrofluosilicic  acid,  which  forms  an 
almost  insoluble  potassium  salt,  decanting  the  clear  liquid,  and 
digesting  it  with  a  little  silica,  which  removes  the  excess  of  the 
hydrofluosilicic  acid.    Filtration  through  paper  must  be  avoided. 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrateci  as 
to  assume  a  syrupy  consistence ;  it  is  then  very  easily  decomposed. 
It  sometimes  sets  tire  to  paper,  or  other  dry  organic  matter,  in  con- . 
seqiience  of  the  facility  with  which  it  is  deoxidised  by  combustible 
bodies. 

The  chlorates  are  easily  recognised;  they  give  no  precipitate 
when  m  solution  with  silver  nitrate;  they  evolve  pure  oxygen 
when  heated,  passing  thereby  into  chlorides ;  and  they  aflford,  when 
treated  with  sulphuric  acid,  the  cliaracteristic  exjilosive  yellow  gas 
already  described.  The  dHute  solution  of  the  acid  has  no  bleaching 
power.  ° 

Perchloric  Acid,  HCIO4.— When  powdered  potassium  chlorate  is 
turown  by  small  portions  at  a  time  into  hot  nitric  acid,  a  change 

,  f  P*.^*^^  01  the  same  description  as  that  whicli  happens  when 
suipnunc  acid  is  used,  but  with  this  imT)ortant  difference,  that  the 
cmonne  and  oxygen,  instead  of  being  evolved  in  a  dangerous  state 
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of  comHnation,  are  emitted  in  a  state  of  mixture.  The  result  of 
the  action  is  a  mixture  of  potassium  nitrate  and  perclilorate, 
which  may  he  readily  separated  by  their  difference  of  solubility. 

Perchloric  acid  is  obtained  by  distilling  potassium  perchlorate 
with  sulphxiric  acid.  Pure  perchloric  acid  is  a  colourless  liquid,  of 
1-782  sp.  gr.  at  15-5°,  not  solidifying  at  -  35°;  it  soon  becomes 
coloured,  even  if  kept  in  the  dark,  and  after  a  few  weeks  decomposes 
with  explosion.  The  vapour  of  perchloric  acid  is  transparent  and 
colourless :  in  contact  with  moist  air,  it  produces  dense  white  fumes. 
The  acid,  when  cautiously  mixed  with  a  small  quantity  of  water, 
solidihes  to  a  crystalline  mass,  which  is  a  compound  of  perchloric 
acid  with  one  molecule  of  water,  HCIO4+H2O.  When  brought 
in  contact  with  carbon,  ether,  or  other  organic  substances,  perchloric 
acid  explodes  with  nearly  as  much  violence  as  chloride  of  mtrogen. 

Compound  of  Chlorine  and  Nitrogen,  NCI3.— When  sal-am- 
moniac or  ammonia  nitrate  is  dissolved  in  water,  and  a  jar  of 
chlorine  inverted  in  the  solution,  the  gas  is  absorbed,  and  a  deep 
yellow  oily  liquid  is  observed  to  collect  upon  the  siu-face  of  the 
solution,  ultimately  sinking  in  globules  to  the  bottom.  This  is 
nitrogen  chloride,  one  of  the  most  dangerously  explosive  substances 
known.  The  foUowiag  is  the  safest  method  of  conducting  the 
experiment : — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  in 
distilled  water  is  poured  into  a  clean  basin,  and  a  bottle  of  chlorine, 
the  neck  of  which  is  quite  free  from  grease,  inverted  in  it.  A 
shallow  and  heavy  leaden  cup  is  placed  beneath  the  mouth  of  the 
bottle  to  collect  the  product.  When  enough  has  been  obtained, 
the  leaden  vessel  may  be  withdrawn  with  its  dangerous  contents, 
the  chloride  remaining  covered  with  a  sti-atum  of  water.  The 
operator  should  protect  his  face  with  a  strong  \\ure-gauze  mask 
when  experimenting  upon  this  substance. 

The  change  may  be  explained  by  the  equation — 

NH.Cl  +  6C1  =  NCI3  -1-  4HC1. 

Nitrogen  chloride  is  very  volatile,  and  its  vapour  is  exceedingly 
irritating  to  the  eyes.  It  has  a  specific  gravity  of  1-653.  It  may 
be  distilled  at  71°,  although  the  experiment  is  attended  with  great 
danger.  Between  93°  and  105°  it  explodes  with  the  most  fearful 
violence.  Contact  with  almost  any  combustible  matter,  as  oil  or  fat 
of  any  kuid,  determines  the  explosion  at  common  temperatures  :  a 
vessel  of  porcelain,  glass,  or  even  of  cast-iron,  is  broken  to  pieces, 
and  the  leaden  cup  receives  a  deep  indentation.  This  body  has 
usually  been  supposed  to  contain  nitrogen  and  chlorine  in  the  pro- 
portion of  14  parts  of  the  former  to  106-5  parts  of  the  latter,  but 
recent  experiments  upon  the  corresponding  iodine  compound  (p.  201) 
induce  a  belief  that  it  contains  hydrogen.* 

♦  Instead  of  NCI3,  it  may  in  reality  be  NHCU,  orNHoCl. 
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Chlorine  and  Carbon — Several  compounds  of  clilorine  and  car- 
bon are  known,  namely,  C.fil^,  C^Cl^,  CjClg,  and  CCl^.  They  are 
obtained  indii-ectly  by  the  action  of  chlorine  upon  certain  organic 
compoiuids,  and  ^vdU  be  described  under  Organic  Chemistry. 

The  Oxychloride  of  Carbon,  COCI2,  called  also  Carhonyl  Chloride  and 
Phosgene,  has  been  ali'eady  mentioned  (jj.  172). 


BROMINE. 

Atomic  weight,  80.    Symbol,  Br. 

Bromine*  was  discovered  by  Balard  in  1826.  It  is  found  in  sea- 
water,  and  is  a  frequent  constituent  of  saline  si^rings,  cloieliy  as 
magnesium  bromide  :  a  celebrated  spring  of  the  kind  exists  near 
Kreuznach,  in  Prussia.  Bromine  may  be  obtained  pure  by  the 
following  process,  which  depends  upon  the  fact  that  ether,  agitated 
with  an  aqueous  solution  of  bromine,  removes  the  greater  part  of 
that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  have  sepa- 
rated by  crystallisation,  is  exposed  to  a  stream  of  chlorine,  and  then 
shaken  up  with  ether  ;  the  chlorine  decomposes  the  magnesiimi 
bromide,  and  the  ether  dissolves  the  bromine  thus  set  free.  On 
standing,  the  ethereal  solution,  having  a  fine  red  colour,  separates, 
and  may  be  removed  by  a  funnel  or  pipette.  Caustic  potash  is 
then  added  iu  excess,  and  heat  applied ;  bromide  and  bromate  of 
potassium  are  formed.  The  solution  is  evaporated  to  dryness,  and 
the  saHne  matter,  after  ignition  to  redness  to  decompose  the  bromate, 
is  heated  in  a  small  retort  with  manganese  dioxide  and  sulphuric 
acid  diluted  with  a  little  water,  the  neck  of  the  retort  being  plunged 
into  cold  water.  The  bromine  volatilises  in  the  form  of  a  deep  red 
vapour,  which  condenses  into  di-ops  beneath  the  liquid. 

Bromine  is  at  common  temperatures  a  thin  red  liquid  of  an 
exceedingly  intense  coloiu',  and  very  volatile;  it  freezes  at  about 
-24-5  and  boils  at  63°.  The  density  of  the  liquid  is  2-976,  and 
that  of  the  vapour  5-54  compared  with  air,  and  80  compared  with 
hydi'ogen.  The  odour  of  bromine  is  very  suffocating  and  offensive, 
much  resembling  that  of  iodine,  but  more  disagreeable.  It  is 
slightly  soluble  in  water,  more  freely  in  alcohol,  and  most 
abundantly  in  ether.    The  aqueous  solution  bleaches. 

Hydrogen  Bromide,  or  Hydrobromic  Acid,  HBr. — This  sub- 
stance bears  the  closest  resemblance  to  Iiydriodic  acid :  it  lias  the 
same  constitution  by  volume,  very  nearly  the  same  properties, 
and  may  be  prepared  by  means  exactly  similar,  substituting  the 
one  body  for  the  other  (see  page  199).'    The  solution  of  hydi'o- 

*  From  ppuiuo^,  a  noisome  smell. 
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bromic  acid  has  also  the  power  of  dissolving  a  large  quantity  of 
bromine,  thereby  acqniring  a  red  tint.  Hydrobromic  acid  contains 
by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bromic  Acid,  HBrOg. — Caustic  alkalis  in  presence  of  bromine 
undergo  the  same  change  as  with  chlorine,  a  metallic  bromide 
and  bromate  being  produ.ced;  these  may  be  separated  by  the 
inferior  solubility  of  the  latter.  Bromic  acid,  obtained  from 
barium  bromate,  closely  resembles  chloric  acid ;  it  is  easily 
decomposed.  The  bromates,  when  heated,  lose  oxygen  and  be- 
come bromides. 

A  hypobromous  acid  corresponding  with  hypochlorous  acid  is 
likewise  known. 


JODINE. 

Atomic  weight,  127.    Symbol,  I. 

This  element  was  first  noticed  in  1812  by  M.  Courtois,  of  Paris. 
Minute  traces  are  found  in  combiaation  with  sodium  or  potassium 
in  sea-water,  and  occasionally  a  much  larger  proportion  in  that  of 
certain  mineral  springs.  It  seems  to  be  in  some  way  beneficial  to 
many  marine  plants,  as  these  latter  have  the  power  of  abstracting 
it  from  the  surrounding  water,  and  accumulating  it  in  their  tissues. 
It  is  from  tliis  source  that  all  the  iodine  of  commerce  is  derived. 
,  It  has  lately  been  found  in  minute  quantity  in  some  aluminous 
slates  of  Sweden,  and  in  several  varieties  of  coal  and  turf. 

Kelp,  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  the 
inhabitants  of  the  Western  Islands  and  the  northern  shores  of 
Scotland  and  Ireland,  is  treated  with  water,  and  the  solution 
filtered.  The  liquid  is  then  concentrated  by  evaporation  until  it 
is  reduced  to  a  very  small  volimie,  the  sodium  chloride,  sodium 
carbonate,  potassium  chloride,  and  other  salts  being  removed  as 
they  successively  crystallise.  The  dark-brown  mother-liquor  left 
contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of  sodium, 
magnesium,  &c. :  this  is  mixed  with  sulphui'ic  acid  and  manganese 
dioxide,  and  gently  heated  in  a  leaden  retort,  when  the  iodine 
distils  over  and  condenses  in  the  receiver.  The  theory  of  the 
operation  is  exactly  analogous  to  that  of  the  preparation  of  chlorine 
(p.  187);  in  practice,  however,  it  reqnii-es  careful  management, 
otherwise  the  impurities  present  in  the  solution  interfere  vdth.  the 
general  result : 

MnOg  -f-  2KI  4-  2H2SO4  =  2H2O  -|-  K2SO4  +  MnSO^  -I-  Ig. 

The  manganese  is  not  absolutely  necessary :  potassium  or  sodium 
iodide,  heated  with  an  excess  of  sulphuric  acid,  evolves  iodiiie. 
This  effect  is  due  to  a  secondary  action  between  the  hydriodic 
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acid  first  produced  and  the  excess  of  the  sulpliuric  acid,  in  which 
Loth  Slitter  decomposition,  yielding  iodine,  water,  and  sulphurous  acid. 

Iodine  crystallises  in  plates  or  scales  of  a  bluish- black  colour 
and  imperfect  metallic  lustre,  resembling  that  of  plumbago:  the 
crystals  are  sometimes  very  large  and  brilliant.  Its  density  is  4-948. 
It  melts  at  107°,  and  bolls  at  175°,  the  vapour  having  an  exceedingly 
beautiful  violet  colour.*  It  is  slowly  volatile,  however,  at  comnion 
temperatures,  and  exhales  an  odom-much  resembling  that  of  chlorine. 
The  density  of  the  vapom- is  8-716  compared  with  air,  127  comparecl 
with  hych-ogen.  Iodine  requires  for  solution  about  7000  parts  of 
water,  which  nevertheless  acquires  a  browii  colour ;  in  alcohol  it  is 
much  more  fi'eely  soluble.  Solutions  of  hydriodic  acid  and  the 
iochdes  of  the  alkali-metals  also  dissolve  a  large  quantity:  these 
solutions  are  not  decomposed  by  water,  which  is  the  case  with  the 
alcoholic  tincture. 

Iodine  stains  the  skin,  but  not  permanently ;  it  has  a  very  ener- 
getic action  upon  the  anhnal  system,  and  is  much  used  in  medicine. 

One  ot  the  most  characteristic  properties  of  iodine  is  the  production 
oi  a  splendid  blue  colom-  by  contact  with  starch.  The  iodine  for 
this  purpose  must  be  free  or  uncombined.  It  is  easy,  however,  to 
make  the  test  available  for  the  purpose  of  recognising  the  presence 
ot  the  element  in  question  when  a  soluble  iodide  is  suspected-;  it  is 
only  necessary  to  add  a  very  small  quantity  of  chlorine-water,  when 
the  iodine,  being  displaced  from  combination,  becomes  capable  of 
acting  upon  the  starch. 

Hydrogen  Iodide,  or  Hydriodic  Acid,  HI.— The  simplest  pro- 
cess tor  preparmg  hydriocUc  acid  gas  is  to  introduce  into  a  glass  tube, 
sealed  at  one  extremity,  a  little  iodine,  then  a  small  quantity  of 
roughly-powdered  glass  moistened  with 
water,  upon  this  a  few  fragments  of 
phosphorus,  and  lastly  more  glass,  this 
order  of  iodine,  glass,  phosphorus,  glass, 
being  repeated  untU  the  tube  is  half  or 
two- thirds  MUed.  A  cork  and  narrow 
bent  tulje  are  then  fitted,  and  gentle 
heat  appUed.  The  gas  is  best  collected 
by  displacement  of  air.  The  process 
depends  on  the  formation  of  an  iodide 
of  phcsphonis  and  its  subsequent 
decomposition  by  water,  whereby 
hydrogen  phosphite,  or  phosphorous 
acid,  H3PO3,  and  hydrogen  iodide  are 

^]It  Pn +  +  ^^^0  =  6HI  + 
■J.n.^fUg.  ihe  glass  merely  sei-ves  to 
moderate  the  violence  of  the  action  of 
the  iodine  upon  the  phosphorus. 

Hydriodic  acid  gas  greatly  resembles  the  con-esponding  chlorine 
*  Whence  the  name,  from  luSnv,  violet-coloured. 
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compound ;  it  is  colourless,  and  highly  acid ;  it  fumes  in  the  air, 
and  is  very  soluble  in  water.  Its  density  is  about  4-4  compared 
with  air,  64  compared  with  hydrogen.  By  weight,  it  is  composed 
of  127  parts  iodine  and  1  part  hydrogen;  and  by  measure  of 
equal  volumes  of  iodine  vapour  and  hydrogen  united  ^vithout  con- 
densation. 

Solution  of  hydiiodic  acid  may  be  prepared  by  a  process  much 
less  troublesome  than  the  above.  Iodine  in  fine  powder  is  suspended 
ia  water,  and  a  stream  of  washed  hydrogen  sulphide  passed  through 
the  mixture ;  sulphur  is  deposited,  and  the  iodine  converted  iuto 
hydiiodic  acid.  When  the  liquid  has  become  colourless,  it  is  heated, 
to  expel  the  excess  of  hydrogen  sulphide,  and  filtered.  The  solution 
cannot  be  kept  long,  especially  if  it  be  concentrated ;  the  oxygen 
of  the  air  gradually  decomposes  the  hydiiodic  acid,  and  iodine  is  set 
free,  which,  dissolving  in  the  remainder,  communicates  to  it  a  brown 
colour. 


Compounds  of  Iodine  and  Oxygen. 
The  most  important  of  these  are  the  iodic  and  periodic  oxides. 

Composition  by  •n-eight. 

Iodine.  Oxygen. 
Iodic  oxide       I,Ob    .       .       2    x    127    +  80 
Periodic  oxide,  I^O^    .       .       2    x    127    +  112 

Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides, 
and  forming  salts  called  iodates  and  periodates. 

Hydrogen  lodate,  or  Iodic  Acid,  HgO.IgOg,  or  HIO-, maybe 
prepared  by  the  dii-ect  oxidation  of  iodine  with  nitric  acid  of 
specific  gravity  1-5.  Five  parts  of  dry  iodine  with  200  parts  of  nitric 
acid  are  kept  at  a  boilhig  temperature  for  several  hours,  or  nntU 
the  iodine  has  disappeared.  The  solution  is  then  cautiously  dis- 
tilled to  dryness,  and  the  residue  dissolved  ia  water  and  made  to 
crystallise. 

Iodic  acid  is  a  very  soluble  substance,  crystallising  in  colour- 
less six-sided  tables.  At  107°  it  is  resolved  into  .water  and  iodic 
oxide,  which  forms  tabular  rhombic  crystals,  and  when  heated  to 
the  temperature  of  boiUng  oUve  oil,  is  completely  resolved  into 
iodine  and  oxygen.  The  solution  of  iodic  acid  is  readily  deoxidised 
by  sulphurous  acid.  The  iodates  much  resemble  the  chlorates  : 
that  of  potassium  is  decomposed  by  heat  into  potassium  iodide  and 
oxygen  gas. 

Hydrogen  Periodate,  or  Periodic  Acid,  HgO.IgOf,  or  HIO4. — 

When  solution  of  sodium  iodate  is  mixed  with  caustic  soda,  and  a 
current  of  chlorine  passed  thi-ough  the  liquid,  two  salts  are  formed— 
namely,  sodium  chloride  and  a  sparingly  soluble  compound  of  sodium 
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periodate  with  sodium  hydi'oxide  and  water,  NaIO4.NaHO.H2O,  or 
Na2H3lO|3,  the  reaction  taking  place  as  represented  by  the  equation — 

NalOg  +  3NaH0  +  Cl^  =  2NaCl  +  Na.HalOc. 

This  sodium  salt  is  separated,  converted  into  a  sUver-salt,  and 
dissolved  in  nitric  acid:  the  solution  yields,  on  evaporation, 
crystals  of  yellow  silver  periodate,  from  which  the  acid  may  be 
separated  by  the  action  of  water,  which  resolves  the  salt  into  free 
acid  and  an  insoluble  basic  periodate. 

Periodic  acid  crystallises  from  its  aqueous  solution  in  deliqiies- 
cent  obhque  rhombic  prisms,  which  melt  at  130°,  and  are  resolved, 
at  170°  into  water  and  a  white  mass  of  periodic  oxide,  which  at 
180°  or  190°  gives  off  oxygen  ■ndth  great  rapidity,  and  leaves  iodic 
oxide. 

The  solution  of  periodic  acid  is  reduced  by  many  organic  sub- 
stances, and  instantly  by  hydrochloric  acid,  sulphm-ous  acid,  and 
hydrogen  sulphide.  With  hydrochloric  acid  it  forms  water,  iodine 
chloride,  and  free  chlorine.  The  metaUic  periodates  are  resolved 
by  heat  into  oxygen  and  metallic  iodide. 

Compounds  of  Iodine  and  Nitrogen.  — When  finely  powdered 
iodine  is  put  into  caustic  ammonia,  it  is  in  part  dissolved,  giving 
a  deep-brown  solution,  and  the  residue  is  converted  into  a  black 
powder,  called  nitrogen  iodide,  NI3.  The  brown  liquid  consists 
of  hydiiodic  acid  holding  iodine  in  solution,  and  is  easily  separated 
from  the  solid  product  by  a  filter.  The  latter,  while  still  wet,  is 
distributed  in  small  quantities  upon  separate  pieces  of  bibulous 
paper,  and  left  to  diy  in  the  air. 

Nitrogen  iodide  is  a  black  insoluble  powder,  which,  when  dry, 
explodes  with  the  slightest  touch — even  that  of  a  feather — and 
sometimes  -ftdthout  any  obvious  cause.  The  exjjlosion  is,  however, 
not  nearly  so  violent  as  that  of  nitrogen  chloride,  and  is  attended 
with  the  production  of  violet  fumes  of  iodine.  According  to  Dr. 
Gladstone,  this  substance  contains  hydrogen,  and  may  be  viewed  as 
NHI2,  that  is,  as  ammonia  in  wliich  two-thirds  of  the  hydrogen  are 
replaced  by  iodine.  According  to  the  researches  of  Bunsen,  it  must 
be  viewed  as  a  combination  of  nitrogen  tri-iodide  with  ammonia, 
NI3.  NH.,.^  It  appears,  however,  that  the  substance  called  nitrogen 
iodide  varies  in  composition.  Gladstone,  by  changing  the  mode  of 
preparation,  obtained  several  compounds  of  nitrogen  tri-iodide  with 
ammonia. 

Compounds  of  Iodine  and  Chlorine. — Iodine  unites  directly 
with  chlorine,  forming  a  monochloride  and  a  trichloride.  There  is 
also  a  tetrachloride  produced  by  spontaneoris  decomposition  of  the 
monochloride. 

.  iT^®  monochloride,  ICl,  is  obtained  by  passing  dry  chlorine  over 
iodine  till  the  whole  is  liquefied,  but  no  longer;  also  by  distilling 
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iodine  with  potassium  chlorate,  oxygen  being  then  evolved,  the 
monochloride  distilling  over,  and  a  mixture  of  chloride,  iodate,  and 
perchlorate  of  potassium  remaining  behind. 

I,  +  3KCIO3  =  O2  +  ICl  +  KCl  +  KIO3  +  KCIO4. 

Iodine  monochloride  is  a  reddish-brown  oily  liquid,  having  a 
suffocating  odour  and  astringent  taste ;  soluble  in  alcohol  and  ether ; 
decomposed  by  water,  with  formation  of  hydrochloric  and  iodic 
acids,  and  separation  of  iodine.  It  sometimes  solidifies  in  yellow 
needles.  Sulphm-ous  acid  and  hydrogen  sulpliide  decompose  it, 
with  separation  of  iodine;  with  aqueous  solutions  of  alkalis,  it 
yields  a  chloride  and  an  iodate,  together  with  free  iodine ;  thus, 
^yith  potash — 

5IC1  +  6KH0  =  5KC1  +  KIO3  +  SE^O  +  I^. 

The  trichloride,  ICl ,  is  produced  by  treating  iodine  at  a  gentle 
heat  with  chlorine  in  excess.  It  crystallises  in  orange-yellow 
needles ;  melts  at  20°  to  25°,  giving  off  chlorine,  which  it  reabsorbs 
on  cooling ;  acts  on  most  other  substances  like  the  monochloride. 

In  contact  with  a  small  quantity  of  water  it  is  partly  resolved 
into  an  insoluble  yellowish  body  (probably  a  mixture  of  the  tri- 
chloride with  iodic  oxide),  and  a  solution  containing  hydrochloric 
acid  and  the  monochloride — 

4ICI3  +  5H2O  =  lOHCl  -1-  I2O6  +  2IC1 . 

A  large  quantity  of  water  dissolves  it,  probably  without  decom- 
position, or  jjerhaps  as  a  mixture  of  hydrochloric  and  iodic  acids 
containing  free  iodine — 

5ICI3  +  9H_0  =  15HC1  +  3HIO3  +  I2  . 

The  tetrachloride,  ICI4,  produced  by  spontaneous  decomposition 
of  the  monochloride,  4IC1  =  ICI4  +  I ,  crystallises  in  red  octo- 
hedi'ons. 


FLUORINE. 

Atomic  Weight,  19.    Symbol,  F. 

This  element  has  never  been  isolated—  at  least,  in  a  state  fit  for 
examination;  its  properties  are  consequently  in  great  measiu-e 
unknown :  but  from  the  observations  made,  it  is  presumed  to  be 
gaseous,  and  to  possess  colour,  like  chlorine.  The  compounds 
containing  fluorine  can  be  easily  decomposed,  and  the  element 
transferred  from  one  body  to  another;  but  its  intense  chemical 
energies  towards  the  metals  and  towards  silicium,  a  component  of 
glass,  have  hitherto  baflled  all  attempts  to  obtain  it  pui-e  in  the 
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separate  state.  As  calcium  fluoride,  it  exists  in  considerable  quan- 
tities as  fluor-spar,  a  mineral  which  crji-stallises  in  fine  cubes  of 
various  colom-s,  and  in  small  qi^antities  in  many  animal  substances, 
such  as  bones.  Several  chemists  have  endeavoured  to  obtain  it  by 
decomposing  silver  fluoride  by  means  of  chlorine  in  vessels  of 
fluor-spai',  but  even  these  experiments  have  not  led  to  a  decisive 
result. 

Hydrogen  Fluoride,  or  Hydrofluoric  Acid,  HF. — When  pow- 
dered calcium  fluoride  is  heated  with  concentrated  sulphuric  acid  in  a 
retort  of  platinum  or  lead  connected  with  a  carefully  cooled  receiver 
of  the  same  metal,  a  very  volatile  colourless  liquid  is  obtained, 
which  emits  copious  white  and  highly  suftbcating  fumes  in  the  aii-. 
This  is  the  anliydrous  acid,  not  however  quite  pure.  It  may  be 
obtained  in  a  state  of  perfect  purity  by  distilling  hydrogen-potas- 
siimr  fluoride,  HF.KF,  to  redness  in  a  platinum  vessel.  As  thus 
prepared,  it  is  at  ordinary  temperatures  a  colomiess,  transparent, 
mobile  Licj[uid,  having  a  specific  gravity  of  0-9879  at  12-8°,  extremely 
volatile,  boiling  at  19 '4°,  fuming  densely  at  ordinary  temperatures, 
and  absorbing  water  greedily  from  the  aii'.*  It  contains  19  parts 
by  weight  of  fluorine  to  1  part  of  hydrogen. 

When  hydi-ofluoric  acid  is  put  into  water,  it  imites  with  the 
latter  with  great  violence  ;  the  dilute  solution  attacks  glass  with 
great  facility.  The  concentrated  acid,  di'opped  upon  the  skin, 
occasions  deep  and  malignant  ulcers,  so  that  great  care  is  requisite 
in  its  management.  Hydrofluoric  acid  contains  19  parts  fluorine 
and  1  part  hydrogen. 

In  a  diluted  state,  this  acid  is  occasionally  used  in  the  analysis  of 
siliceous  minerals,  when  alkali  is  to  be  estunated ;  it  is  employed 
also  for  etching  on  glass,  for  which  purpose  the  acid  may  be  pre- 
pared in  vessels  of  lead,  that  metal  being  but  slowly  attacked  imder 
these  circiunstances.  The  vapour  of  the  acid  is  also  very  advan- 
tageously applied  to  the  same  purjjose  in  the  following  manner : — 
The  glass  to  be  engraved  is  coated  with  etcliiug-ground  or  wax,  and 
the  design  traced  in  the  usual  way  with  a  pointed  instrimient.  A 
shallow  basin,  made  by  beating  up  a  piece  of  sheet-lead,  is  then  pre- 
pared, a  little  powdered  fluor-spar  placed  in  it,  and  enough  sulphmic 
acid  added  to  form  with  the  latter  a  thin  paste.  The  glass  is  placed 
upon  the  basin,  with  the  waxed  side  downwards,  and  gentle  heat 
applied  beneath,  which  speedily  disengages  the  vapour  of  hydrofluoric 
acid.  In  a  very  few  minutes  the  operation  is  complete  ;  the  glass 
is  then  removed,  and  cleaned  by  a  little  warm  oil  of  turpentine. 
When  the  experiment  is  successful,  the  Hues  are  very  clean  and 
smooth. 

No  combination  of  fluorine  and  oxygen  has  yet  been  discovered. 
♦  Gor  e,  Journal  of  the  Chemical  Society  [2],  ii.  368. 


20i 


SULPHUR. 


SULPHUR. 

Atomic  weight,  32.   Symbol,  S. 

This  is  an  elementary  body  of  great  importance  and  iaterest.  It 
is  often  found  in  the  fi-ee  state  in  connection  with  deposits  of 
gypsum  and  rock-salt,  and  in  the  fissures  of  volcanic  craters. 
Sicily  furnishes  a  large  proportion  of  the  sulphur  employed  in 
Em-ope.  Sulphur  also  occiu'S  abundantly  in  combination  w-ith  iron 
and  other  metals,  and  as  sulphiiric  acid,  united  to  lime  and  magnesia. 

Pure  sulphur  is  a  pale-yellow  brittle  solid,  of  well-known  appear- 
ance. It  melts  when  heated,  and  distils  over  unaltered,  if  air  be 
excluded.  The  crystals  of  sulphur  exhibit  two  distinct  and  incom- 
patible forms — namely,  first,  an  octohedron  with  rhombic  base 
(fig  120),  which  is  the  figure  of  native  sulphur,  and  that  assumed 
when  sulphur  separates  from  solution  at  common  temperatures,  as 
when  a  solution  of  sulphur  iu  carbon  bisulphide  is  exposed  to  slow 
evaporation  in  the  air ;  and,  secondly,  a  lengthened  prism  having 
no  relation  to  the  preceding ;  this  happens  when  a  mass  of  sulphiu" 
is  melted,  and,  after  partial  cooling,  the  crust  on  the  surface  is 
broken,  and  the  fluid  portion  pom-ed  out.  Fig.  121  shows  the 
result  of  such  an  experiment. 


Fig.  120.  Fig.  12L 


The  specific  gravity  of  sulphur  varies  according  to  the  form  in 
which  it  is  crystallised.  The  octohedi-al  variety  has  the  specific 
gravity  2'045  ;  the  prismatic  variety  the  specific  gravity  1-982. 

Sulphur  melts  at  111°  (at  114-5°,  accordiug  to  Brodie);  at  this 
temperatiu-e  it  is  of  the  colour  of  amber,  and  thru  and  fluid  as  water ; 
when  further  heated,  it  begins  to  thicken,  and  to  acquire  a  deeper 
colour  ;  and  between  221°  and  249°  it  is  so  tenacious  that  the  vessel 
in  which  it  is  contained  may  be  inverted  for  a  moment  without  the 
loss  of  its  contents.  If  in  this  state  it  be  poured  into  water,  it 
retains  for  many  hours  a  remarkably  soft  and  flexible  condition, 
which  may  be  looked  upon  as  the  amorphous  state  of  sulphur. 
After  a  while  it  again  becomes  brittle  and  crystalline.  From  the 
temperature  last-mentioned  to  the  boiling-point — about  400° — 
sul]Dhur  again  becomes  tliin  and  liquid.     In  the  preparation  of 
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commercial  flowers  of  sulphur,  the  vapour  is  conducted  into  a  large 
cold  chamber,  where  it  condenses  in  minute  crystals.  The  specific 
gravity  of  sulphiu'  vapour  is  2-22  referred  to  that  of  air  as  unity,  or 
32  compared  with  that  of  hydrogen  (Deville). 

Sulphur  is  insolirble  m  water  and  alcohol;  oil  of  turpentine  and 
the  fat  oils  dissolve  it,  but  the  best  substance  for  the  jjm-pose  is 
carbon  bisulphide.  In  its  chemical  relations  sulphm-  bears  great 
resemblance  to  oxygen :  to  very  many  oxides  there  are  correspond- 
ing sulphides,  and  the  sulphides  often  unite  among  themselves, 
forming  crystallisable  compoimds  analogous  to  oxysalts. 

Sulphur  is  remarkable  for  the  great  number  of  modifications 
which  it  is  capable  of  assuming.  Of  these,  however,  there  are  two 
principal  well  characterised  varieties,  one  soluble,  and  the  other 
insoluble  in  carbon  bisulphide,  and  many  minor  modifications. 
The  soluble  variety  is  distinguished  by  Berthelot  by  the  name  of 
ekctro-yiecjative  sulphur,  because  it  is  the  form  which  appears  at  the 
positive  pole  of  the  voltaic  battery  diu-ing  the  decomposition  of  an 
aqueous  solution  of  hydi-ogen  sulphide,  and  is  separated  from  the 
combinations  of  sulphur  with  the  electro-positive  metals.  The 
insoluble  variety  is  distinguished  as  electro-jwsitive  sulphur,  liecause 
it  is  the  form  which  appears  at  the  negative  pole  during  the 
electro-decomposition  of  sulphurous  acid,  and  separates  from  com- 
pounds of  sulphur  with  the  electro-negative  elements,  chlorine, 
bromine,  oxygen,  &c. 

The  principal  modifications  of  soluble  sulphur  are  the  octohedral 
and  prismatic  varieties  already  mentioned,  and  an  amorphous 
variety  which  is  precipitated  as  a  greenish -white  emulsion,  known 
as  milk  of  sulphur,  on  adding  an  acid  to  a  dilute  solution  of  an 
alkaline  polysulphide,  such,  for  example,  as  is  obtained  by  boiling 
sulphur  with  milk  of  lime.  This  amorphous  sulphur  changes  by 
keeping  into  a  mass  of  minute  octohedral  crystals.  Sublimed 
sulphur  appears  also  to  be  allied  to  this  modification,  but  it  always 
contains  a  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modifications  of  insoluble  sulphui-  are  : — 1.  The  amor- 
phous insoluble  variety,  obtained  as  a  soft  magma  by  decomposing 
chlorme  bisulphide  with  water,  or  by  adding  dilute  hydrochloric 
acid  to  the  solution  of  a  thiosulphate  (p.  212).  2.  The  plastic 
sirlphur  already  mentioned  as  obtained  by  pouring  viscid  melted 
sulphur  into  water.  A  very  similar  variety  is  produced  by  boUing 
metallic  sulphides  with  nitric  or  nitro-muriatic  acid. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are 
mixed  together,  a  blue  precipitate  is  sometimes  formed,  which  is 
said  to  be  a  peculiar  modification  of  sulphur. 

Compounds  of  Sulphur  and  Oxygen. 

There  are  two  oxides  of  sulphur,  whose  names  and  composition 
are  as  follows  ; — 
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Composition  by  wcieht. 

Sulphur.  Oxygen. 
Sulphui'  dioxide  or  Sulphurous  oxide,  SOj   .  32+32 
Sulphur  trioxide  or  Sulphuric  oxide,     SO3    .  32+48 

Both  these  oxides  imite  with  water  and  metallic  oxides,  or  the 
elements  thereof,  producing  salts  ;  those  derived  from  sulphurous 
oxide  are  called  sulphites,  and  those  derived  from  sulphuric  acid, 
siilphates.  The  composition  of  the  hydrogen  salts  or  acids  is  as 
follows : — 

Hydrogen.   Sulphur.    Oxygen.     Water.  ^"J^^lj™"* 

Hydrogen  Sulphite,      1        2    +    32    +    48    =    18    +  64 
or  Sulphurous  acid.  J 

Watpr  Sulphuric 
^^i^^-  oxide. 

Hydrogen  Sulphate  )  2    +    32    +    64    =    18    +  80 

or  Sulphuric  acid,  ) 

The  formulae  of  these  acids  are — 

Sulphurous  acid,  H.^SOg  =  H^CSOg 
Sulphuric  acid,    HaSO^    =  H2O.SO3 

The  replacement  of  half  or  the  whole  of  the  hydrogen  hj  metals 
gives  rise  to  metallic  sulphites  and  sulphates. 

By  the  combination  of  sulphuric  oxide  with  sulphuric  acid  in  the 
proportion  of  SO3  to  H2SO4  (or  80  parts  by  weight  of  the  oxide  to 
98  of  the  acid)  an  acid  is  formed  called  disulphuric  or  pyro- 
sulphuric   acid,  having  the  composition  H2S2O7  or 

•  Hydrogen.  Sulphur.  Oxygen. 

2  +  64       ■  -t.  112 

•  •  A 

There  are  also  several  acids  of  sulphu^,^'with  their  corresponding 
metallic  salts,  to  which  there  are  no  corresponding  anhydrous  oxides, 
viz. : — 

1.  Hyposulphurous  Acid,  H2SO2,  having  the  composition  of  sul- 
phurous acid  minus  one  atom  of  oxygen.  Its  composition  by  weight 
is — 

Hydrogen.  Sulphur,  Oxygen. 

2  +  32  +  32 

2.  TJiiosulphuric  Acid,  HjSjOj,  having  the  composition  of  sul- 

Jihuric  acid  in  which  one-fourth  of  the  oxygen  is  replaced  by  sulphur, 
ts  composition  by  weight  is — 

Hydrogen.  Sulphur.  Oxygen. 

2  +  6i  +  48 

Closely  allied  to  this  acid  is — 

3.  Seleniosulphwic  Acid,  HgSSeOj,  having  the  composition  of 
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1. 

Sulphur. 

Oxygen. 

+ 

64 

+ 

96 

+ 

96 

+ 

96 

+ 

128 

+ 

96 

+ 

150 

+ 

96 

snliihiu'ic  acid  in  wbich  one-fourth  of  the  oxygen  is  replaced  by 
selenium.    Its  composition  by  weight  is — 

Hydrogen.   Sulphur.      Selenium.  Oxygen. 
2    +    32    +    79-4    +  48 

4.  A  series  of  acids  called  Polythionic  Acids,*  in  wliich  the  same 
quantities  of  oxygen  and  hycbogen  are  unite<  I  with  quantities  of 
sulphur  in  the  proportion  of  tBi^^mnhef  s  2,  3,  4,  5,  viz  : — 

Hydro 

Dithionic,  or  Hyposul-  )      tt  o  n  o 
phuric  acid,  \      "■■2^ji'->e     •  ^ 

Trithionic  acid,  .  .  H0S3O5  .  2 
Tetrathionic  acid,  .  .  H^S^O^  .  2 
Pentathionic  acid,    .       .    HjSjOg     .  2 

Sulphur  Dioxide,  or  Sulphurous  Oxide,  SOg.— This  is  the  only 
product  of  the  combustion  of  sulphur  in  diy  air  or  oxygen  gas.  It 
is  most  conveniently  prepared  by  heating  sulphuric  acid  with 
metallic  mejcury  or  copper  clippings.  A  portion  of  the  acid  is 
decomposed,  one-third  of  the  oxygen  of  the  sulphuric  oxide  being 
transferred  to  the  metal,  while  the  sulphuric  oxide  is  reduced  to 
sulphurous  oxide  which  escapes  as  gas : 

SCHjO.SOg)    -f    Cu    =    CUO.SO3    -t-    2H2O    -f-  SO2. 

Sulphuric  Copper 
acid.  sulphate.  ' 

_  Another  very  simple  method  of  preparing  sulphurous  oxide  con- 
sists in  heating  concentrated  sulphuric  acid  with  sulphur;  a  very 
regular  evolution  of  sulphurous  oxide  is  thus  obtained. 
•  Sulphurous  oxide  is  a  colourless  gas,  having  the  peculiar  suffo- 
cating odour  of  burning  brimstone;  it  instantly  extinguishes  flame, 
and  is  quite  irrespirable.  Its  density  is  2-21;  a  litre  weighs  2-8605 
grams ;  100  cubic  inches  weigh  68-69  grains.  At  0°  F.  ( - 17-8°  C), 
iinder  the  ordmary  pressure  of  the  atmosphere,  this  gas  condenses 
to  a  coloiu-less,  limpid  liqmd,  very  expansible  by  heat.  Cold  water 
dissolves  more  than  thirty  times  its  volume  of  sulphurous  oxide. 
The  solution,  which  contains  hydrogen  sulphite  or  sulphurous  acid, 
may  be  kept  unchanged  so  long  as  air  is  excluded,  but  access  of 
oxygen  gradually  converts  the  sulphurous  into  sulphuric  acid, 
although  dry  sulphiirous  oxide  and  oxygen  gases  may  remain  in  con- 
tact lor  any  length  of  time  without  change.  When  sulphurous  oxide 
l^^afl^^eous  vapour  are  passed  into  a  vessel  cooled  to  below  17°  or 
21°  F.  (-8-3°  or  -6°  C),  a  crystalline  body  forms,  wliich  contains 
about  24-2  sulphurous  oxide  to  75-8  of  water. 

One  volume  of  sulphurous  oxide  gas  contains  one  volume  of 
oxygen  and  haK  a  volume  of  sulphur  vapour,  condensed  into  one 
volume. 

■      *  From  nrqXv,  many,  and  deiov,  sulphur. 
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Sulphurous  oxide,  like  other  gases  which  are  freely  soluble  in 
water,  must  be  collected  by  displacement,  or  by  the  use  of  the 
mercurial  pneumatic  trough.  The  manipulation  with  the  latter  is 
exactly  the  same  in  principle  as  with  the  ordinary  water  trough,  but 
rather  more  troublesome,  from  the  great  density  of  the  mercury,  and 
its  opacity.  The  whole  apparatus  is  on  a  much  smaller  scale.  The 
trough  is  best  constructed  of  hard,  sound  wood,  and  so  contrived  as  to 
economise  as  much  as  possible  the  expensive  liquid  it  is  to  contain. 

Sulphurous  acid  has  bleaching  properties ;  it  is  used  in  the  arts  for 
bleaching  woollen  goods  and  straw- plait.  A  piece  of  blue  litmus- 
paper  plunged  into  the  moist  gas  is  first  reddened  and  then  slowly 
bleached. 

The  sulphites  of  the  alkalis  are  soluble  and  crystallisable ;  they 
are  easily  formed  by  direct  combination.  The  sulphites  of  barium, 
strontium,  and  calcium  are  insoluble  in  water,  but  soluble  in  hydro- 
chloric acid.  The  stronger  acids  decompose  them ;  nitric  acid  con- 
verts them  into  sulphates.  The  soluble  sulphites  act  as  powerful 
reducing  agents,  and  are  much  used  in  that  capacity  in  chemical 
analysis. 

Sulphm-ous  oxide  unites,  under  pecrdiar  circumstances,  with 
chlorine,  and  also  with  iodine,  forming  compounds  which  have 
been  called  chloro-  and  iodo-sulphuric  acids.  They  are  decomposed 
by  water.  It  also  combines  with  dry  ammonlacal  gas ;  and  with 
nitric  oxide  in  presence  of  an  alkali. 

Siilphur  Trioxide,  or  Sulphuric  Oxide,  SO3  (also  called  Anhy- 
drous Sulphuric  acid,  or  Sulphuric  anhydride).— This  compound  may 
be  formed  directly  by  passing  a  dry  mixture  of  suli^hm'ous  oxide  and 
oxygen  gases  over  heated  spongy  platinum ;  or  it  may  be  obtained 
by  distilling  the  most  concentrated  sulphuric  acid  -ndth  phosphoric 
oxide,  which  then  abstracts  the  water  and  sets  the  sulphiuic  oxide 
free.  It  is  usually  prepared,  however,  from  the  fuming  oil  of  vitriol 
of  Nordhausen,  which  may  be  regarded  as  a  solution  of  sulphuric 
oxide  in  sulphuric  acid.  On  gently  heating  this  Liquid  in  a  retort 
connected  with  a  receiver  cooled  by  a  freezing  mixtm-e,  the  sulphuric 
oxide  distils  over  in  great  abundance,  and  condenses  into  beautiful 
white  silky  crystals,  resembling  those  of  asbestos. 

Siilphuric  oxide  is  also  produced  in  considerable  quantity  by  the 
following  process.  Vapour  of  ordinary  strong  sulphiuic  acid  is 
passed  thi-ough  a  white-hot  platinum  tube,  whereby  it  is  almost 
completely  resolved  into  water,  oxygen,  and  sulphurous  oxide : 

H2SO,  =  Ii.fi  +  0  +  SO,. 

These  mixed  gases,  after  passing  through  a  leaden  worm  to  condense 
the  o-reater  portion  of  the  water,  are  dehydi-ated  by  passing  thme 
through  a  leaden  tower  filled  with  coke,  over  which  a  stream  of 
concentrated  sulphuric  acid  is  allowed  to  trickle ;  and  finally,  the 
diy  mixture  of  oxygen  and  sulphm-ous  oxide  is  passed  through 
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platinum  tubes  heated  to  low  redness  and  containing  fragments  of 
platinised  pumice,  whereupon  they  recombine  to  form 'sulphuric 
oxide,  which  is  condensed  in  a  series  of  Woulffe's  bottles.  This 
process  bids  fair  to  succeed  as  a  manufacturing  operation.* 

Sulphuric  oxide,  when  thrown  into  water,  hisses  like  a  red-hot 
non,  from  the  violence  with  which  combination  occm-s  :  the  product 
IS  sulphuric  acid.  When  exposed  to  the  air,  even  for  a  few  moments 
It  liquefies  by  absorption  of  moisture.  It  unites  with  ammoniacal  cas' 
forming  a  salt  called  ammonium  sulphamate,  the  nature  of  which 
will  be  explained  fiu'ther  on. 

Sulphuric  oxide  is  susceptible  of  two  modifications  (ct  and  /3) 
diltermg  m  their  properties,  though  identical  in  composition 
Lodies  thus  related  are  said  to  be  isomeric  (from  mo;,  equal  and 
fcioo;,  part).    There  are  but  few  examples  of  this  relation  amongst 
inorganic  compounds,  but  it  is  of  frequent  occurrence  in  oro'anic 
chemistry.     The  ^-modification,  formed  by  cooling  the  liquid 
oxide,  soUdifies  at  +16°  in  long  colourless  prisms  which  melt 
at  the  same  temperature  ;   it  boils  at  46°;  and  its  vapour  at  20° 
has  a  tension  represented  by  200  millimeters  of  mercury  /3—Sul- 
2ohuric  oxide  is  produced  from   the   ^-modification  at  tempera- 
tm-es  below  25  ;  above  27°  the  transformation  does  not  go  on  It 
forms  extremely  fine  white  needles ;  at  temperatures  above  50°  it 
graduaUy  hquehes  and  passes  into  the  first  modification.  Liquid 
sulphuric  oxide  undergoes  very  great  expansion  by  heat,  its  mean 
coeftcient  of  expansion  between  25°  and  45°  being  0-0027  for 
1°  C,  that  is  to  say,  more  than  two-thirds  as  great  as  that  of 
gases.     The  two  modifications   differ  greatly  in    their  rela- 
tions to  solvents.     Liquid  sulphuric  oxide  mixes  in  all  T3ro- 
portions  with  hydrogen  sulphate,  H,SO,;  the  /3-oxide  dissolves 
in  sulphuric  acid  with  extreme  slowness,  and  gradually  separates 
from  a  mixti^e  of  10  parts  SO3  and  1-2  parts  H.,SO,.    With  a  laSer 
proportion  of  the  acid,  no  solid  oxide  separates, "even  on  coolinc^  to  a 
low  temperature;   if  the  proportion  of  acid,  H^SO,,  amounts  to 
5  parts  for  10  parts  of  oxide,  the  mixture  may  deposit  crystals  of 
pyrosulphuric  acid,  H^S^O,  or  H^SO^.SOs  • 

Sulphuric  Acid,  H^SO^.-The  preparation  of  this  important 
acid  depends  upon  the  fact  that,  when  sulphurous  oxide,  3roaen 
e  roxide,  and  water  are  present  together  in  certain  proportioi  s°the 
sulphurous  oxide  becomes  oxicUsed  at  the  expense  of  the  nitiwen 
tetroxide,  which,  by  the  loss  of  one-half  of  its  oxygen  sinl«  to  the 

bv  t  mfpr  •  ^  ^"""^  "^u""^'"^  ^''''^^  -^eet-lead  supported 
furnie  or  nv'  one  extremity,  i  small 

cKber  In  tb;  ^"^"^f  '  ^,^^ng  ^  ^ide  tube  leading  mto  the 
S  a  cruc^.  P^-""  kept  burning,  the  flame  of  which 
neats  a  crucible  containing  a  mixture  of  nitre  and  oil  of  vitriol. 

*  Messel  and  Squire,  Chemical  News,  1876,  i.  177. 
FOWNES. — VOL.  I. 
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A  shallow  stratum  of  water  occupies  the  floor  of  tlie  cliamlDer,  and  a 
iet  of  steam  is  also  introduced.    Lastly,  an  exit  is  provided  at  the 
remote  end  of  the  chamber  for  the  spent  and  useless  gases,  ine 
effect  of  these  arrangements  is  to  cause  a  constant  supply  oi  sul- 
phurous oxide,  atmospheric  air,  nitric  acid  vapour,  and  water  in  the 
state  of  steam,  to  he  thrown  into  the  chamber,  there  to  mix  and 
react  upon  each  other.    The  nitric  acid  immediately  gives  up  a 
part  of  its  oxvgen  to  the  sulphiuous  oxide,  and  is  itself  reduced  to 
mtrogen  tetroxide,  N^O,  or  ND2;  it  does  not  remain  m  this  state, 
however,  but  suffers  fm-ther  deoxidation  untR  it  becomes  reduced 
to  nitrogen  dioxide,  N,02  or  NO.    That  suhst.ance,  m  contact  with 
free  oxygen,  absorbs  a  portion  of  the  latter,  and  once  more  becomes 
tetroxide,  which  is  again  destined  to  undergo  deoxidation  by  atresh 
quantity  of  sulphm-ous  oxide.    A  very  smaU  portion  ol  nitrogen 
tetroxicle,  mixed  with  atmospheric  ak  and  sulphurous  oxide,  may 
thus  in  time  convert  an  iadefinite  amount  of  the  latter  mto  sul- 
phuric acid,  by  acting  as  a  kind  of  carrier  between  the  oxygen  ol 
the  air  and  the  sulphurous  oxide.     The  presence  of  water  is 
essential  to  this  reaction,  which  may  be  represented  by  the  eciua- 
tion, 

NO2  +  SO2  -1-  H2O  =  NO  +  H2SO4. 

Such  is  the  simplest  view  that  can  be  taken  of  the  productiOT  of 
sulphuric  acid  in  the  leaden  chamber  ;  but  it  is  too  much  to  affii-m 
that  it  is  strictly  true ;  the  reaction  may  be  more  complex  ^^  hen 
a  nttle  water  is  put  at  the  bottom  of  a  large  glass  globe,  so  as 
to  maintain  a  certain  degree  of  humidity  m  the  au-  withm,  and 
sulphurous  oxide  and  nitrogen  tetroxide  are  introduced  by  sepaiate 
tubes,  symptoms  of  chemical  action  become  immediately  evident, 
and  after  a  little  time  a  white  crystalline  matter  is  observed  to 
condense  on  the  sides  of  the  vessel.  Tliis  substance  appears  to  be 
a  compoimd  of  sulphuric  acid,  nitrous  acid,  and  a  little  water 
When  thrown  into  water,  it  is  resolved  into  sulphimc  acid,  mtrogea 
dioxide,  and  nitric  acid.    This  curious  body  is  certainly  very  often 

*  fiiultier  de  Claubrv  assigned  to  this  substance  the  composition  expressed 
by  tbSml  2(N  A  2H,o!).5S03  and  this  view  generalj^bee^^^^^^^ 
Iw  vPPPTit  rhemical  wiiters.    De  la  Provostaye  has  since  sho\vn  t  lat  a  com 
SlTmssS  al™e^^  properties  of  the  body  m  question  may  be 

forced  w  Shig  together,  in  a  sialed  glass  tube  iquid  sulphui-ous  oxide 
SlidMtoien  tetroxide  bothfree  from  water.  The  white  cry  stallme  solid 

nn^^lpf;     The  Aew  product  is  accompanied  by  an  exceedmgly  volatile 
3iS  liquid  hav'ng  the  characters  of  'nitrous  acid.    The  white  substance 
on  an?v4  Cs  foimd  to  contain  the  elements  of  two  molecules  of  sulpto  c 
on  analysis,  ^'^^  '""'^         • ,  0..2S0,.  De  laProvostaye  explains  the 

"""^'^''Zt  °,rthe   MSer  analyses  'of  the  leaden-chambe^-  product,  by 
that  the  p,?e  suLtancJ  forms  crystallisable  combinations  v.th 
d?rent  proportions  of  sulphuric  acid.  .  (Ab".  Phys    lxxui._  36.. 

See  also  Weber  (Jahresbericht  fur  Chemie,  1863,  p.  /38  ,  p.  »^ ,  Jsuu. 

See  Chim.  de  Paris,  1867,  L  15). 
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produced  m  lai-ge  quantity  in  tlie  leaden  chambers;  but  that  its 
production  is  indispensable  to  the  success  of  the  process,  and 
constant  when  the  operation  goes  on  well  and  the  nitrogen  tetr'oxide 
is  not  in  excess,  may  perhaps  admit  of  doubt. 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded 
with  sulphuric  acid:  when  a  certain  degree  of  strength  has  been 
reached,  the  acid  is  dra^Ti  off  and  concentrated  by  evaporation 
first  m  leaden  pans,  and  afterwards  in  stills  of  platinmn  until  it 
attams  a  density  (when  cold)  of  1-84,  or  thereabouts;  it  is  then 
traiisierrecl  to  carboys,  or  large  glass  bottles  fitted  in  baskets,  for 
sale.  In  Great  Britain  this  mannfactm-e  is  one  of  great  national 
importance,  and  is  carried  on  to  a  vast  extent. 

Sulphuric  acid  is  now  more  frec^uently  made  by  burnincr  iron 
pyrites,  or  poor  copper  ore,  or  zinc-blende,  instead  of  sfcilian 
siUphur :  as  thus  prepared  it  very  frequently  contains  arsenic,  from 
w-liich  It  may  be  freed,  however,  by  heating  it  with  a  smaU  quantity 
ot  sodium  chloride  or  by  passing  thi-ough  the  heated  acid  a  current 
ot  hycljochlonc  acid  gas,  whereby  the  arsenic  is  volatilised  as  tri- 
chloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is  often 
called^  is  a  definite  combination  of  40  parts  sulphuric  oxide  and 
9  parts  of  water,  and  is  represented  by  the  formula,  H^O.SO,  or 
iljfeU^  it  IS  a  colourless  oily  liquid,  having  a  specific  gravity  of 
about  1-85,  ot  intensely  acid  taste  and  reaction.  Organic  matter  is 
rapidly  charred  and  destroyed  by  it    At  the  temperature  of  -  26°  C. 

\~}■^^  ^''T^'       ^2^°  ^-  (620=  F.)  it  boils,  and  may  be 

distiUed  without  decomposition.  Oil  of  vitriol  has  a  most  energetic 
attraction  for  water;  it  withcbaws  aqueous  vapour  fi-oni  the  airfand 
when  it  IS  diluted  with  water,  great  heat  is  evolved,  so  that  the 
mixtiire  alwcys  requii-es  to  be  made  with  caution.  Oil  of  vitriol  is 
not  the  only  hydrate  of  sulphuric  oxide;  three  others  are  known  to 
exist.  When  the  fuming  oil  of  vitriol  of  Nordhausen  is  exposed  to 
a  low  temperatiu-e,  a  white  crystalHne  substance  separates,  which  is 
a  hydrate  contammghalf  as  much  water  as  the  common  liquid  acid 
J^urther,  a  mixture  of  98  parts  of  strong  liquid  acid  and  18  parts  of 
uernh;.!  f  congeals  or  crystallises  at\  tem- 

perature above  0°  C,  and  remains  solid  even  at  7-2°  C  (45°  F ) 
Lastly,  when  a  very  dHute  acid  is  concentrated  by  evaporation  in  a 
tbp'\'!ir' •       m''^'"          °^  evaporatioi  stops  when 

nF  «n  i^ir""  """"^^^  """'^  y-''*'^^  ^'^'^^  to  each  other  the  proportion 

W>.l  ,t'  to       formula,  SH^O.SOg  or  H,S0..2H„0. 

When  the  vapour  ol  sulphuric  acid  is  passed  over  red-hot  platinum, 
rl^-n.    "^Pt^T^  "1*°  sulp]iurous  acid.    St.  Claire 

ti^rif  Debray  have  recommended  this  process  for  tlie  prepara- 
IZZi^fWV'' ^Y}^''^""  scale,  the  sulphm-ous  acid  being  easily 
sc.]  wrated  by  its  solubility  in  water  or  alkaline  solutions. 

infn  i?ii!!w''''  T''''H''''''''^^^y°'^  metaUic  oxides;  converting  them 
ease  pxSkZ'  \  ''^l^"  .^^«9«mposes  carbonates  with  tlie  greatest 
ease,  expeUmg  carbon  dioxide  with  effervescence.    With  the  aid 
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of  heat  it  likewise  decomposes  aU  other  salts  containing  acids  more 
volatile  than  itself.  The  sulphates  are  a  very  important  class  ot 
salts,  many  of  them  being  extensively  used  in  the  arts.  Most 
sulphates  are  soluble  in  water,  but  they  are  all  insoluble  in  alcohol. 
The  barium,  calcium,  strontium,  and  lead  salts  are  msoluble,  or 
very  slightly  soluble,  in  water :  and  are  formed  by  precipitating  a 
soluble  salt  of  either  of  those  metals  with  sulphuric  acid  or  a 
soluble  metallic  sidphate.  Barium  sulphate  is  quite  msoluble  m 
water :  consequently  sulphiu'ic  acid,  or  its  soluble  salts,  may  be 
detected  with  the  greatest  ease  by  solution  of  barium  nitrate  or 
chloride :  a  white  precipitate  is  thereby  formed  which  does  not  dis- 
solve in  nitric  or  hydrochloric  acid. 

Disulpliiiric  or  PyrosulpliTiric  Acid,  HgSaOy  (also  called 
Fuming  Suliohuric  Acid  and  Nordhausen  Sulphuric  Acid.)--- i-hia  acicl 
contains  the  elements  of  one  molecule  of  sulphuric  oxide  and  one 
molecule  of  sulphmic  acid,  or  of  two  molecules  of  sulphuric  acia 
minus  one  molecule  of  water  : 

H,SA  =  SO3.H2SO4  =  2H2SO4  -  H^O  . 

It  may  be  obtained  of  definite  composition  and  in  the  crystalline 
form  by  adding  liquid  sulphuric  oxide  to  strong  sulphuric  acid  m 
the  proportions  above  indicated.  The  resulting  crystals  melt  at 
35°  This  acid  was  originally  prepared  at  Nordhausen  m  baxony 
from  an  impm-e  ferric  sulphate  obtained  by  exposing  ordinary 
ferrous  sulphate  (green  vitriol)  to  a  moderate  heat  in  contact  witli 
the  air  This  ferric  sulphate  is  distilled  in  sulphur  retorts  arranged 
in  a  reverberatory  furnace,  and  the  distillate,  consisting  chietly  ot 
sulphuric  oxide,  is  received  in  a  small  quantity  of;,water,  or  more 
frequently  in  ordinary  strong  sulphuric  acid.  A  brown  fuming 
liquid  is  thus  obtained  which  agrees  nearly  m  composition  ^th  the 
formula  H^Sp^,  has  a  specific  gravity  of  1-9,  solidifies  at  0  to 
colourless  crystals,  and  is  resolved  at  a  gentle  heat  into  bOj  wliicli 
distils  over,  and  HgSO^  which  remains  behind.  _ 

The  manufacture  of  fuming  sulphuric  acid  m  the  manner  just 
described  was  first  practised  at  Nordhausen  in  Saxony,  and  appears 
to  have  been  knowa  since  the  fifteenth  century :  but  it  is  now 
carried  on  almost  exclusively  in  Bohemia.  An  easier  and  more  pro- 
ductive method  of  obtaining  the  sulphuric  oxide  required  for  its 
formation  is  that  of  Messel  and  Squire,  abeady  described  (p.  209.) 
Fuminc^  sulphm-ic  acid  was  until  lately  employed  only  for  dissolving 
indic^o ''but  it  is  now  used  in  very  large  quantities  for  dissohnig 
anthraquinone  for  the  manufactm-e  of  artificial  alizarm.   (See  Organic 

*^^The  wosulphates,  that  of  potassium,  for  example,  which  has  the 
composition  K^S^O,,  or  K^SO^-SO,,,  are  prepared  bythe  action  of 
suShuric  oxide 'on  the  correspondhig  sulphates.  Wlien  strongly 
heated,  they  give  off  sulphmic  oxide,  and  ai'e  converted  into  sul- 
phates. 
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Hsrposulpliurous  Acid,  HgSOjCalso  called Hydrosulphurous Acid). 
. — This  acid  is  formed  by  the  action  of  zinc  on  an  aqueons  solution 
of  sulpliiu'ous  acid.  The  zinc  dissolves  without  evolution  of 
hydrogen,  merely  removing  an  atom  of  oxygen.  A  yellow  solution 
is  thereby  formed  which  possesses  much  greater  decolorising  power 
than  sulphurous  acid  itseK,  and  quickly  reduces  the  metals  from 
salts  of  silver  and  mercury.  This  solution  is,  however,  very 
unstable,  and  quickly  loses  its  bleaching  power.  A  more  definite 
product  is  obtained  by  immersing  clippings  of  zinc  in  a  concentrated 
solution  of  acid  sodium  sulphite  NaHSOg,  contained  in  a  closed 
vessel,  whereby  sodium  hyposulphite,  NagSOj,  and  zinc-sodium 
sulphite,  Na2Zn(S03).,,  are  produced,  the  latter  crystallising  out. 
To  isolate  the  hyj^osu'lphite,  the  liquid  is  decanted,  after  about  half 
an  hour,  into  a  flask  three-foiu-ths  filled  with  strong  alcohol,  and  the 
fiask  is  sealed.  A  crystalline  precipitate  immediately  forms,  consist- 
ing for  the  most  part  of  ziuc-sodium  sulphite,  while  nearly  all  the 
hjq^osnlphite  remains  dissolved  in  the  alcohol.  The  solution, 
decanted  into  a  flask  quite  filled  with  it,  well  closed,  and  left  in  a 
cool  place,  solidifies  in  a  few  hours  to  a  mass  of  slender  colourless 
needles,  consisting  of  sodium  hyposulphite,  which  must  be 
quickly  pressed  between  folds  of  linen,  and  diied  in  a  vacuum,  as  it 
becomes  very  hot  if  exposed  to  the  air  in  the  moist  state  ;  when  dry, 
however,  it  is  not  affected  by  oxygen.  This  salt  is  very  soluble  in 
water,  soluble  also  in  dilute  alcohol,  the  solutions  exhibiting  all  the 
bleaching  and  reducing  properties  above  described.  The  crystals 
when  exposed  to  the  air  are  completely  converted  into  acid  sodium 
sulphite,  Na  HSO3.  By  heating  them  with  oxalic  acid,  hyposnlphur- 
ous  acid  is  obtained,  as  a  deep  orange-coloured  strongly  bleaching 
liquid,  which  quickly  decomposes,  becoming  colourless,  and  deposit- 
ing sulphur.* 

TMosulphuric  Acid,  H2S.3O3  (formerly  called  Eyposulpliurous 
Acid).— By  digesting  suljihui  with  a  solution  of  potassium  or 
sodium  sulphite,  a  portion  of  that  substance  is  dissolved,  and  the 
liquid,  by  slow  evaporation,  furnishes  crystals  of  thiosulphate :  NagSOa 
+  S  =  Na2S203.  The  acid  itself  is  scarcely  known,  for  it  cannot  be 
isolated ;  when  hydrochloric  acid  is  added  to  a  solution  of  a  thio- 
snlphate,  the  acid  of  the  latter  is  almost  instantly  resolved  into 
sulphur,  which  precipitates,  and  sulphurous  acid,  easily  recognised 
by  its  odour.  In  a  very  dilute  solution,  however,  it  appears  to 
remain  undecomposed  for  some  time.  The  alkaline  thiosulphates 
readily  dissolve  certain  salts  of  silver,  as  the  chloride,  which  are  in- 
soluble in  water— a  property  which  has  conferred  upon  them  a  con- 
siderable share  of  importance  in  relation  to  the  art  of  photography. 
They  are  also  much  used  as  antichlores  for  removing  the  last 
traces  of  chlorine  from  Ijleached  goods. 

Seleniosulphuric  Acid,  HaSeSOg.— This  acid,  having  the  coni- 
*  Sclmtzenberger,  Zeitclirift  fur  Cheniie,  1869,  p.  545. 
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position  of  sulphuric  acid  in  which  1  atom  of  oxygen  is  replaced  hy 
selenium,  is  formed  by  du-ect  addition  of  selenium  to  sulphurous 
acid.  When  selenium  is  digested  with  a  solvition  of  neutral  potas- 
sium sulphite,  -  and  the  easily  decomposible  Hquid,  after  being 
filtered  fi'om  the  selenium  which  separates  on  cooling  and  dilution 
with  water,  is  left  to  evaporate  at  ordinary  temperatui-es,  there 
crystallises  out,  first  a  sparingly  soluble  seleniferous  salt  in  small 
shining  prisms,  afterwards  a  much  more  soluble  salt,  which  is  the 
chief  product  of  the  reaction,  while  the  excess  of  sulphite  remains 
in  the  mother-liquor. 

The  more  soluble  seleniferous  salt  is  potassium  seleniosulphate, 
KgSeSOg.  It  is  likewise  formed,  together  with  thiosulphate,  when 
a  solution  of  potassium  selenide  is  mixed  with  sulphurous  acid.  It 
crystallises  readily,  even  from  small  quantities  of  solution,  in  large, 
very  tliin,  six-sided  tables  belonging  to  the  rhombic  system,  which 
deliquesce  in  moist  air,  and  effloresce  with  partial  loss  of  water  over 
oil  of  vitriol.  When  heated  they  tiu-n  brown  and  yield  a  polysul- 
phide  of  potassium.  Water  separates  selenium  from  them,  and  the 
filtered  solution  yields  by  evaporation  crystals  which  again  react  in 
the  same  way  witli  water,  so  that,  by  repeated  crystallisation,  the 
whole  of  the  seleniosulphate  may  be  decomposed ;  the  Kquid  then 
contains  seleniotrithionate.  Acids,  even  sulphurous  acid,  throw 
dovm  the  whole  of  the  selenium  fi'om  the  aqueous  solution;  barium 
chloride  and  baryta- water  precipitate  barium  sulphite  and  selenium ; 
calcium  and  manganese  salts  give  rise  to  a  similar  decomposition. 
With  ammoniacal  silver  solution  the  seleniosulphate  forms  a  j)reci- 
pitate  of  silver  selenide,  together  with  potassium  sulphate : 

KjSeSOa  +  Ag^O  =  Ag.^Se  +  K^SO^. 

The  sulphites  of  sodium,  ammonium,  and  magnesium  react  with 
selenium  in  the  same  manner  as  the  potassium  salt,  the  magnesium 
salt,  however,  very  slowly.  The  seleniosulphates  of  sodium  and 
ammonium  are  very  unstable. 

Dithionic  or  Hyposnlphuric  Acid,  H2S2OP.— This  acid  is  pre- 
pared by  suspending  finely  divided  manganese  dioxide  in  water  ai'tifi- 
cially  cooled,  and  then  transmitting  a  stream  of  sulphurous  acid  gas  ; 
the  dioxide  becomes  monoxide,  half  its  oxygen  converting  the  sul- 
phurous into  dithionic  acid :  MnOg  -f-  2SO2 = MuSjOg.  The  manganese 
dithionate  thus  prepared  is  decomposed  by  a  solution  of  pm-e  barium 
hydi-ate,  and  the  barium  salt,  in  turn,  by  enough  sulphm-ic  acid  to 
precipitate  the  base.  The  solution  of  dithionic  acid  may  be  concen- 
trated by  evaporation  in  a  vacuum,  imtil  it  acquii'es  a  density  of 
1-347  •  on  further  concentration,  it  decomposes  into  sulphuric  and 
sulphurous  acids.  It  has  no  odom-,  is  very  sour,  and  forms  soluble 
salts  vnth.  baryta,  lime,  and  lead  oxide. 

Trithionic  Acid,  HjSjOq. — A  substance  accidentally  formed  by 
Langlois,  in  the  preparation  of  potassium  thiosulphate,  by  gently 
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heating  with  sulphur  a  solution  of  potassium  carbonate  saturated 
with  sulphiu'ous  acid.  It  is  also  produced  by  the  action  of  sul- 
phmous  oxide  on  potassium  thiosulphate :  SKjSjOg  +  SSOg  = 
^K.jSgOg  +  S.  Its  salts  bear  a  great  resemblance  to  those  of  thio- 
sulphmic  acid,  but  differ  completely  in  composition,  while  the  acid 
itself  is  not  quite  so  prone  to  change.  It  is  obtained  by  decom- 
posing the  potassium  salt  with  hycbofluosilicic  acid:  it  may  be 
concentrated  under  the  receiver  of  the  air-pump,  but  is  gradually 
decomposed  into  sidphur,  sulphurous  and  sulphmic  acids. 

Tetrathionic  Acid,  HjS^Og. — This  acid  was  discovered  by  Fordos 
and  Gelis.  When  iodine  is  added  to  a  solution  of  barium  thiosul- 
phate, a  large  quantity  of  that  substance  is  dissolved,  and  a  clear 
coloiu'less  solution  obtained,  which,  besides  barium  iodide,  contains 
barium  tetrathionate :  2BaS203+l2  =  Bal2  +  BaS40e.  By  suitable 
means,  the  acid  can  be  eliminated,  and  obtained  in  a  state  of 
solution.  It  very  closely  resembles  dithionic  acid.  The  same  acid 
is  produced  by  the  action  of  sulphurous  acid  on  chlorine  disulphide. 

Pentathionic  Acid,  HaSgOg. — This  acid  was  discovered  by 
Wackem-oder,  who  formed  it  by  the  action  of  hydrogen  sulphide 
on  sulphurous  acid:  5H2SO3+5H2S  =  H2S50g  +  9H20  +  S5.  It 
is  colomiess  and  inodorous,  of  acid"  and  bitter  taste,  and  capable 
of  being  concentrated  to  a  considerable  extent  by  cautious  eva- 
poration. 

Under  the  influence  of  heat,  it  is  decomposed  into  sulphiir, 
sulphurous,  and  sulphuric  acids,  and  hydrogen  sulphide.  The 
salts  of  pentathionic  acid  are  nearly  aU  soluble.  The  barium  salt 
crystallises  from  alcohol  in  square  prisms.  The  acid  is  also  formed 
when  lead  dithionate  is  decomposed  by  hydrogen  sulphide,  and 
when  chlorine  monosulphide  is  heated  with  sulphurous  acid. 

Sulphur  with  Hydrogen. 

Hydrogen  Monosulphide — Sulphydric  Acid;  Sydrosulphuric 
Acid ;  Sulphuretted  Hydrogen,  H^S. — There  are  two  methods  by  which 
this  important  compoimd  can  be  readily  prepared,  namely,  by 
the  action  of  dUute  sulphuric  acid  upon  iron  monosulphide,  and 
by  the  decomposition  of  antimony  trisulphide  with  hydrochloric 
acid.  The  first  method  yields  it  most  easdy,  the  second  in  the 
purest  state. 

Iron  monosulphide  is  put  into  the  apparatus  for  hydrogen,  already 
several  times  mentioned,  together  with  water,  and  oil  of  vitriol  is 
added  by  the  funnel,  until  a  copious  disengagement  of  gas  takes 
place.  This  is  to  be  collected  over  tepid  water.  The  reaction  is 
thus  explained : — 

FeS    +    HjSO^    =    HgS    =  FeSO^ 

Ferrous        Hydrogen  IlydroKcn  Ferrous 

sulphide.       BuIiJliato.  sulphide.  sulphate. 
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By  tlie  other  plan,  finely  powdered  antimony  trisulijhide  is  put 
into  a  flask  to  which,  a  cork  and  bent  tube  can  be  adapted,  and 
strong  liqviid  hydrochloric  acid  poured  upon  it.  On  the  applica- 
tion of  heat,  a  double  interchange  occurs,  hydrogen  sulphide  and 
antimony  trichloride  being  formed.  The  action  lasts  only  while 
the  heat  is  maintained. 


SbaSs    +    6HC1    =    3SH2    +  2SbCl3 

Antimonious  Hydrogen  Hydrogen  Antimonious 
sulphide.  chloride.  sulphide.  chloride. 


Fig.  m. 


Hydrogen  sulphide  is  a  colourless  gas,  having  the  odour  of  putrid 
eggs ;  it  is  most  off'ensive  when  in  small  quantity,  when  a  mere 
trace  is  present  in  the  air.  It  is  not  ii'ritant,  but,  on  the  contrary, 
powerfully  narcotic.  When  set  on  fire,  it  burns  with  a  blue  flame, 
IDroducing  sulphuroiis  acid  when  the  supply  of  air  is  abundant,  and 
depositing  sulphur  when  the  oxygen  is  deficient.  Mixed  with 
chlorine,  it  is  instantly  decomposed,  with  separation  of  the  whole  of 
the  sulphur. 

This  gas  has  a  specific  gravity  of  1'171  referred  to  air,  or  17 
referred  to  hydrogen  as  unity;  a  liter  weighs  1-5 1991  grams. 

A  pressure  of  17  atmospheres  at  10°  reduces  it  to  the  liquid  form. 
Cold  water  dissolves  its  own  volume  of  hydrogen  sulphide,  a  ad  the 
solution  is  used  as  a  test ;  it  is,  however,  somewhat  prone  to  decom- 
position by  the  oxygen  of  the  air,  and  should  therefore  be  kept  in  a 
tightly  closed  bottle.  Another  mode  of  testing  -with  hydrogen  sul- 
phide is  to  keep  a  little  apparatus  for  generating  the  gas  always  at  hand. 
A  small  bottle  or  flask,  to  which  a  bit  of  bent  tube  is  fitted  by  a 
cork,  is  supplied  with  a  little  iron  sulphide  and 
water ;  when  it  is  required  for  use,  a  few  di'ops 
of  oil  of  vitriol  are  added,  and  the  gas  is  at 
once  evolved.  The  experiment  completed,  the 
liquid  is  poui'ed  from  the  bottle,  replaced  by  a 
little  clean  water,  and  the  apparatus  is  again 
ready  for  use. 

Potassium  heated  in  hj^di'ogen  sulphide 
bm-ns  with  great  energy,  becoming  converted 
into  sulphide,  while  piu'e  hydi-ogen  remains, 
equal  in  volume  to  the  original  gas.  Taking 
this  fact  into  account,  and  comparing  the 
density  of  the  gas  with  those  of  hydrogen  and  sulphi.u-  vapoiu-,  it 
appears  that  every  volume  of  hydrogen  sulphide  contains  one 
volume  of  hydrogen  and  half  of  a  volume  of  sulphur- vapom-,  the 
whole  condensed  into  one  volume,  a  constitution  jDrecisely  analogous 
to  that  of  water- vapour.  This  corresponds  with  its  composition  by 
weight,  determined  by  other  means — namely,  16  parts  sulphur  and 
one  part  hydrogen. 

Wheji  a  mixture  of  100  measures  of  hydrogen  sulphide  and  150 
measures  of  pure  oxygen  is  exploded  by  the  electric  spark,  complete 
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combustion  ensues,  and  100  measures  of  sulphurous  oxide  gas 
are  produced. 

Hyclrogen  sulphide  is  a  frequent  product  of  the  putrefaction  of 
organic* matter,  both  animal  and  vegetable;  it  occurs  also  m  certain 
mineral  springs,  as  at  Harrogate  and  elsewhere.  When  accidentally 
present  in  the  atmosphere  of  an  apartment,  it  may  be  instantaneously 
destroyed  by  a  small  quantity  of  chlorine  gas. 

There  are  few  re-agents  of  greater  value  to  the  practical  chemist 
than  this  substance :  when  brought  in  contact  with  many  metallic 
solutions,  it  gives  rise  to  precipitates,  which  are  often  exceedingly 
characteristic  iu  appearance,  and  it  fi-equeutly  affords  the  means  of 
sepai-ating  metals  from  each  other  with  the  greatest  precision 
and  certainty.  These  precipitates  are  insoluble  sulphides,  fonned 
by  the  mutual  decomposition  of  the  metallic  oxides  or  chlorides 
and  hydrogen  sulphide,  water  or  hydi-ochloric  acid  being  pro- 
duced at  the  same  time.  All  the  metals  are,  in  fact,  precipitated, 
whose  sulphides  are  insolxible  in  water  and  in  dilute  acids. 

Arsenic  and  cadmium  solutions  thus  treated  give  bright  yellow 
precipitates,  the  former  soluble,  the  latter  insoluble,  in  ammonium 
sidphide  :  tin-salts  give  a  bro^vn  or  a  yeUow  precipitate,  according 
as  the  metal  is  in  the  form  of  a  stannous  or  a  stannic  salt ;  both 
soluble  in  ammonium  sulphide.  Antimony  solutions  give  an 
orange-red  precipitate,  soluble  in  ammonium  sulphide.  Copper, 
lead,  bismuth,  mercury,  and  silver  salts  give  dark-brown  or  black 
precipitates,  insoluble  in  ammonium  sulphide;  gold  and  platinum 
salts,  black  precipitates,  soluble  in  ammonium  sulpliide. 
_  Hydrogen  sulphide  possesses  the  properties  of  an  acid:  its  solu- 
tion in  water  reddens  litmus-paper. 

The  best  test  for  the  presence  of  this  compoimd  is  paper  wetted 
with  solution  of  lead  acetate.  This  salt  is  blackened  by  the  smallest 
trace  of  the  gas. 


Hijdrogen  Per  sulphide.— This  very  imstable  substance  is  pre- 
pared by  the  following  means : — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled 
with  5  or  6  parts  of  water  for  half  an  hour,  whereby  a  deep  orange- 
coloured  solution  is  produced,  containing  among  other  things,  cal- 
cium disulphide.  This  is  filtered,  and  slowly  added  to  an  excess 
ot  dilute  sulphuric  acid,  with  constant  agitation.  A  white  precipitate 
of  separated  sulphur  and  calcium  sulphate  then  makes  its  appear- 
ance, together  with  a  quantity  of  yellow  oily-looking  matter,  which 
collects  at  the  bottom  of  the  vessel:  this  is  hydrogen  persulphide. 

This  compound  is  generally  regarded  as  a  disul]>hide  of  hycb-ogen, 
H2S2,  analogous  to  the  dioxide,  but  its  great  instability  prevents  the 
determination  of  its  composition  by  direct  analysis.  llofmann,  how- 
-  J  strychnine  in  alcoholic  solution  with  ammonium 

sulphide  containing  free  sulphur,  has  obtained  an  orange-red  crystal- 
bne  compound,  CjiH^jN^O^.H^S,,,  which  is  resolved^by  sulphuric 
acid  into  soluble .  strychnine  sulphate  and  a  yellow  oily  liquid 
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resembling  the  persulpMde  of  hydrogen  obtained  as  above.  Hence 
it  might  be  inferred  that  this  persulphide  is  really  a  sesquisulphide 
H3S3;  but  it  begins  to  decompose  as  soon  as  separated.*  On  the 
other  hand,  E.  Schmidt,  by  treating  an  alcoholic  solution  of 
strychnine  with  sulphuretted  hydrogen,  has  obtained  a  compound 
containing  2C21H22N2O2.3H2S2.  The  composition  of  hydrogen  per- 
sulphide must  "therefore  be  regarded  as  stUl  undecided. 

Hydrogen  persulphide  dissolves  phosphorus  and  iodine,  forming 
a  phosphorus  sulphide  and  hydrogen  iodide  respectively,  vnth. 
evolution  of  sulphuretted  hydrogen.  With  chlorine  it  forms  hydro- 
chloric acid  and  sulphur  chloride,  S2CI  ^.  Bromine  acts  in  a  similar 
manner.  Ammonia,  either  gaseous  or  in  aqueous  solution,  decomposes 
it  instantly,  leaving  sulphur  in  a  peculiarly  brittle,  blistered  state. 
It  is  remarkable  that  sulphurous  acid,  which  rapidly  decomposes 
hydrogen  monosulphide,  with  separation  of  sulphur,  has  scarcely 
any  action  on  the  persulphide.t 

Carbon  and  Sulphur. 
Two  compounds  of  these  elements  are  known,  viz.;  the  disulphide, 
produced  by  the  direct  combination  of  its  el-ements  at  a  high  tem- 
perature, and  the  monosulphide,  produced  by  reduction  of  the 
disulphide. 

Carbon  Disulphide,  or  Bisulphide,  CSa-— To  prepare  this  com- 
pound a  wide  porcelaiu  tube  filled  with  pieces  of  charcoal  which  have 
been  recently  heated  to  redness  in  a  covered  crucible,  is  iixed  across 
a  fm-nace  m  a  slightly  incliaed  position.  Into  the  lower  extremity 
a  tolerably  wide  tube  is  secui-ed  by  the  aid  of  a  cork  :  this  tube 
bends  downwards,  and  passes  nearly  to  the  bottom  of  a  bottle  filled 
with  fragments  of  ice  and  a  little  water.  The  porcelaiu  tube  beiug 
heated  to  bright  redness,  fragments  of  sulphur  are  tkrown  into 
the  open,  end,  which  is  immediately  afterwards  stopped  by  a  cork. 
The  sulphur  melts,  and  becomes  converted  iato  vapour,  which  at 
that  high  temperature  combines  with  the  carbon,  forming  an 
exceedingly  volatile  compound,  which  is  condensed  by  the  ice  and 
collects  at  the  bottom  of  the  vessel.  This  is  collected  and  redis- 
tilled at  a  very  gentle  heat  in  a  retort  connected  with  a  good  con- 
denser. 

For  preparation  on  the  large  scale,  a  tubulated  earthen  retort  is 
iilled  with  charcoal,  and  the  sulphur  is  di-opped  in  through  a 
porcelain  tube  passing  through  the  tubulus  and  reacliing  nearly  to 
the  bottom ;  or  the  charcoal  is  contahied  in  a  large  ii-on  cylinder,  and 
the  sulphur  introduced  through  a  pipe  fitted  into  the  lower  part. 

Carbon  disulphide  is  a  transparent,  colom-less  liquid  of  gi'eat 
refractive  and  dispersive  power.    Its  density  is  1-272,  that  of  its 

*  Bericlite  der  deutscli  Chem.  GeseUscliaft,  1868,  p.  81. 

+  Liebig's  Annalen,  clxxx.  2S7-> 

+  W.  Ramsay,  Cliem.  Soc.  Journ.  1874,  857. 
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vapour  is  2-67.  It  boils  at  43°,  and  emits  vapour  of  considerable 
elasticity  at  common  temperatures.  In  its  ordinary  state,  it  has 
a  very  repulsive  odour,  due  perhaps  to  the  presence  of  smaU  quan- 
tities of  other  volatile  sulphur-compounds;  but  when  these  are 
removed  by  agitating  the  liquid  with  mercury  till  it  ceases  to 
blacken  the  bright  surface  of  the  metal,  it  is  said  to  have  a  pure 
ethereal  odour.  When  set  on  fire  in  the  air,  it  burns  with  a  blue 
llame,  forming  carbon  dioxide  and  sidphur  dioxide  ;  and  when 
its  vapoiu-  is  mixed  with  oxygen,  it  becomes  explosive.  Carbon 
disulphide,  when  heated  mth  water  in  a  sealed  tube  to  about 
153°,  is  converted  into  carbon  dioxide  and  hydrogen  sulphide. 
In  contact  with  nascent  hydi-ogen  (when  heated  with  zinc  and 
dilute  sulphuric  acid),  it  is  converted  into  a  wliite  crystalline  sub- 
stance, having  the  composition  CH,S,  crystallising  in  square  prisms, 
insoluble  in  water,  alcohol,  and  ether,  but  soluble  in  carbon  disul- 
phide, subliming  at  150°,  and  decomposing  at  200°.  Carbon  disul- 
phide freely  disolves  sulphur,  and  by  spontaneous  evaporation 
deposits  the  latter  in  beautiful  crystals ;  it  also  dissolves  phosphorus, 
iodine,  camphor,  and  caoutchouc,  and  mixes  easily  with  oils.  It 
IS  extensively  used  in  the  vulcanisation  of  caoutchouc,  and  in  the 
manufacture  of  gutta  percha  ;  also  for  extracting  bitumen  from 
mineral  substances,  and  oil  from  seeds. 

Carbon  disulphide  unites  with  metallic  sulphides,  forming  salts 
called  sulphocarbonates,  which  have  the  composition  of  car- 
bonates with,  the  oxygen  replaced  by  sulphur. 

Calcium  carbonate,  CaCOg      =  CaO.CO, 

Calcium  sulphocarbonate,  CaCSg  =  CaS.CS, 
Hydrogen  sulphocarbonate,H2CS3      =  HgS.CSg 

By  treating  the  ammonium  salt  with  dilute  sulphuric  or  hydi-o- 
chlonc  acid,  an  oily  acid  liquid  is  precipitated,  consisting  of  hydro- 
den  sulphocarbonate,  or  sulphocarbonic  acid. 

Carbon  Monosulphide,  CS,  recently  discovered  by  Sidot,*  is 
obtained  by  exposing  the  disulphide  in  sealed  tubes  for  a  consider- 
able time  to  dii-ect  sunshine.  It  is  then  precipitated  as  a  brown 
powder,  which  may  be  purified  by  distilUng  ofl:  the  undecomposed 
disulphide,  and  washing  the  residual  mixture  of  monosulphide  and 
free  sulphur  with  pure  disulphide  till  all  the  free  svdphur  is  removed. 
It  IS  a  inaroon-coloured  powder,  without  taste  or  smell,  and  having 
a  specific  gravity  of  1  -66.  It  is  insoluble  in  water,  alcohol,  turpen- 
tine-oil,  and  benzene,  slightly  soluble  at  the  boiUng  heat  in  carbon 
clisuiphicle  and  in  ether.  It  disolves  also  in  caustic  potash  and 
onAO°-  ^^^'^  '       strongest  nitric  acid  ignites  it.    At  about 

200  It  IS  resolved  into  its  elements,  a  smaU  quantity  of  the  disul- 
phide being  formed  at  the  same  time. 
According  to  S.  Kern,t  carbon  monosulphide  is  also  formed  by 
•  Comptes  Eendus,  Ixxxi.  32.  f  Chemical  News,  xxxiii.  253. 
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the  prolonged  action  of  iron  wire  on  tlie  disulpliide  in  sealed 
tubes. 

Carbon  Oxysiilpliide,  COS. — This  compound,  discovered  hy 
Tlian,  is  produced  lay  dii'ect  combination  when  carbon  monoxide 
mixed  with  sulj)hur- vapour  is  passed  through  a  red-hot  porcelain 
tube.  As  thus  jDrepared  it  is  mixed  with  free  carbon  monoxide ;  but 
on  passing  the  gas  through  alcoholic  potash,  the  oxysulphide  is  alone 
absorbed,  and  may  be  liberated  in  the  pure  state  by  treating  the 
solution  with  hydrochloric  acid. 

Carbon  oxysulphide  is  also  produced  by  gently  heating  the 
disulphide  with  an  equivalent  quantity  of  sulphur  trioxide :  CSg  + 
SO3  =  CSO  +  SO2  +  S ;  and  by  decomposiug  potassium  sulpTio- 
cyanate  with  moderately  dilute-acids ;  suli^hocyanic  acid  HCNS  is 
then  liberated  and  decomposed  by  the  water  present  in  the  manner 
represented  by  the  equation — 

HCSN  +  HgO  =  NH3  -f-  CSO. 

Carbon  oxysulphide  is  a  gas  of  sp.  gr.  2'1046,  and  may  easily  be 
poured  from  one  vessel  to  another.  It  has  an  aromatic  odour  hke 
that  of  some  resins,  slightly  also  that  of  hydrogen  sulphide,  and  a 
feebler  acid  reaction  than  carbon  dioxide.  At  a  low  red  heat  it  is 
partly  resolved  into  carbon  monoxide  and  sulphur- vapoirr ;  by  a  fine 
platinum  wire  ignited  by  the  electric  current,  it  is  slowly  but  com- 
pletely decomposed,  yielding  an  equal  volume  of  carbon  monoxide. 
It  burns  in  the  air  with  a  faint  blue  flame,  producing  carbon  dioxide 
and  sulphur  dioxide ;  with  1^  vol.  oxygen,  it  forms  an  explosive 
mixture  burning  with  a  shining  bkiish-white  flame.  It  is  not  acted 
upon  by  chlorine  or  fuming  nitric  acid  at  ordinary  temperatures, 
and  does  not  form  an  explosive  mixtm-e  with  nitrogen  dioxide. 

Water  absorbs  about  its  own  volume  of  carbon  oxysulphide,  ac- 
quiring a  sweetish  and  afterwards  a  pungent  taste,  and  decomposing 
it  after  some  time.  It  appears  to  exist  ia  some  sulphm-  springs  and 
in  the  sulphurous  gases  of  volcanos.  Potash-solution  absorbs  the 
gas  as  completely  as  carbon  dioxide,  though  less  quickly ;  the  solu- 
tion exhibits  the  reactions  of  metallic  sulphides,  and  when  treated 
with  acids  gives  ofl^  hydrogen  sulphide  and  carbon  dioxide.  Baryta 
water,  and  lime-water  act  in  a  similar  manner,  Neutral  or  acid 
solutions  of  lead,  copper,  cadmium,  and  silver  salts  are  not  precipi- 
tated by  the  gas,  but  when  mixed  with  excess  of  ammonia  they 
yield  with  it  characteristic  precipitates  of  metallic  sulphides.  * 


Suljjhur  and  Clilorine. 

Three  cUorides  of  sulphur  are  knoTATi,  represented  by  the  formula;, 
S2CI2,  SCI2,  and  SCI4. 

*  See  further,  Watts's  Dictionary  of  Cliemistry,  First  Supplement,  p.  406  ; 
Second  Supplement,  p.  262. 
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The  monochloride,  SCI  or  SgClj,  which  may  also  be  regarded  as  a 
disulphide  of  chlorine,  analogous  in  composition  to  hydrogen 
dioxide,  is  prepared  by  passing  dry  chlorine-gas  into  a  retort  in 
which  sulphiu-  is  sublimed  at  a  gentle  heat.  It  then  distils  over, 
and  may  be  collected  in  a  receiver  surrounded,  by  cold  water,  and 
freed  from  excess  of  sulphur  by  rectification.  It  is  also  produced 
by  distilling  a  mixture  of  1  part  sulphur  with  9  parts  stannic 
chloride,  or  8'5  parts  mercuric  chloride. 

Disulphide  of  chlorine  is  a  mobile  reddish-yeUow  liquid,  having 
a  peculiar,  penetrating,  disagreeable  odour,  and  fuming  strongly 
in  the  aii'.  Specific  gravity  =  1'687.  It  boils  at  136°.  It  dissolves 
in  carbon  disiilphide,  alcohol,  and  ether,  not  however  without 
decomposition  in  the  two  latter.  It  dissolves  sulphur  in  large 
quantities,  especially  when  heated.  When  satm-ated  with  suljjhur 
at  ordinary  temperatui'es,  it  forms  a  clear  yellow  liquid  of  specific 
gravity  1'7,  and  containing  altogether  667  per  cent,  sulj^hur.  The 
solution  of  chlorine  disulphide  with  excess  of  sulphm-  in  crude 
benzol,  is  iised  for  vulcanising  or  sulphiuising  caoutchouc.  It  is 
inslantly  decomposed  by  water,  with  formation  of  hydrochloric  and 
thiosulphuric  acids,  and  separation  of  sulphur,  the  thiosulphuric 
acid  in  its  turn  decomposing  into  sulphur  and  sulphurous  acid, 
2S2CI2  +  3H2O  =  4HC1  +  S2  +  H2S2O3  (or  H2SO3  +  S). 

The  dichloride,  SCI2,  is  produced  by  passing  chlorine  to  saturation 
into  the  preceding  compound  cooled  by  a  mixtm'e  of  ice  and  salt, 
and  expelling  the  excess  of  chlorine  by  a  stream  of  carbon  dioxide. 
The  product  is  a  deep- red  liquid  boiling  at  164°,  and  containing  30'5 
per  cent,  of  sulphur,  69'5  of  chlorine,  agreeing  nearly  with  the  for- 
mula SCI2,  which  requires  31 -07  per  cent,  sulphur  and  68 '93  chlorine. 

The  tetrachloride,  SCl^,  is  prepared  by  satm-ating  chlorine  disul- 
phide with  chlorine  at -20°.  The  product  contains  81 '59  j^er 
cent,  chlorine  and  18'41  sulphur,  the  numbers  calculated  from  the 
formula  SC\^  being  81-61  and  18-39.  Sulphur  tetrachloride  is  acted 
upon  by  sulphuric  oxide,  producing  sulphurous  chloride  together 
with  chlorine  and  sulphurous  oxide :  thus, 

SCl^  +  SO3  =  SOCI2  -I-  CI2  +  SO2* 

Oxychlorides. —  1.  Siilphibrous  Chloride,  SOCI2.  —  This  com- 
pound, also  called  CJiloride  of  TJiionyl,  is  derived  from  sulphurous 
acid,  SO3H2  or  SO.HO.HO,  by  the  substitution  of  2C1  for  2H0.  It 
is  formed  by  the  action  of  water,  alcohols,  acids,  &c.  on  the  sulphides 
of  chlorine;  but  is  more  easily  prepared  by  the  action  of  phosphorus 
pentachloride  on  sulphurous  oxide,  or  by  that  of  phosphorus 
oxychloride  on  sulphite  of  calcium  : 

SO2  +  PCI5  =  POCI3  +  SOCI.2. 
SCaSOj  +  2POCI3  =  CajPaOg  +  SSOClg . 

•  Respecting  other  reactions  of  the  chlorides  of  sulphur,  and  especially  their 
decomposition  by  heat,  see  Watts "s  Dictionaryof  Chemistry,  Second  Suppltj. 
ment,  p.  1129. 
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It  is  separated  by  distillation  from'  the  fixed  calcium  phosphate  pro- 
duced simultaneously  in  the  second,  and  by  fractional  distillation 
from  the  phosphorus  oxychloride  produced  in  the  first  reaction. 

Sulphui'ous  cliloride  is  a  colourless,  strongly  refracting  liquid, 
which  boils  at  82^.  It  is  decomposed  by  water,  jnelding  hycbp- 
chloric  and  sulphurous  acids;  and  by  alcohols  with  formation  'of 
alcoholic  chlorides  and  sulphurous  acid,  thus  : 

SOCI2    +    2H,0    =    2HC1    +  H2SO3 
Ethyl  alcohol  Ethyl  cliloride. 

Sulphuric  chloride,  or  Sulphurijl  chloride,  SO^Cl^  (also  called  Cliloro- 
sulphuric  acid)  is  formed  by  prolonged  exposm-e  of  a  mixture  of 
chlorine  and  sulphurous  oxide  gases  to  strong  sunshine;  also, 
together  with  phosphorus  oxychloride,  by  the  action  of  phosphorus 
pentachloride  on  sulphimc  oxide  : 

SO3  +  PCI5  =  POCI3  +  SO2CI2; 

but  it  is  best  prepared  by  distilling  strong  sulphuric  acid  with 
the  pentachloride,  or  lead  sulphate  with  the  oxychloride  of  phos- 
phorus : 

H2SO4    +  2PCI5     =  SO2CI,    +  2POCI3  +  2HC1 
3PbS0  4+  2POCI3  =  3SO2CI2  +  PbgP^Og 

Lead  phosphate. 

Sulphuric  chloride  is  a  colourless  fuming  liquid,  of  specific  gravity 
1-66.  It  boils  at  77*^,  and  may  be  distilled  imchanged  over  caustic 
liine  or  baryta.  Wlien  poured  into  water,  it  sinks  in  the  form  of 
oUy  drops,  which  gradually  disappear,  being  converted  into  hydro- 
chloric and  sulphuric  acids  : 

SO2CI2  +  2H2O  =  2HC1  -1-  H2SO4. 

"With  alcohol  it  behaves  in  a  similar  manner,  thus  : 

SO2CI2  -I-  2(C2H5)HO  =  2C2H5CI  -I-  H2SO,. 

In  the  actual  reaction,  however,  the  sulphuric  acid  is  converted  into 
et.hylsulphm-ic  acid  by  the  intervention  of  another  atom  of  alcohol. 

H2SO,  -I-  (C2H5)HO  =  HoO  -f-  (C2H5)HSOi. 

Sulphuric  Hydroxychloride  or  CMorliydrate,  HCISO3  or 
SOg.  HO.Cl  (also  called  Chlorhydrosulphnrons  Acid.) — Thiscompoimd, 
discovered  by  Williamson,  is  intermediate  in  composition  between 
sulphuric  acid  and  sulphuric  chloride,  is  derived  from  sulphuric 
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acid  SO^Hj  or  SOa-HO.HO,  by  tlie  substitution  of  ICI  for  IHO.  It 
is  the  lirst  product  of  the  action  of  phosphorus  pentachloride  on 
sti'oug  sulplimic  acid  : 

SO2.HO.HO  +  PCI5  =  POCI3  +  HCl  +  SO2.HO.CI. 

As  thus  prepared  it  is  mixed  with  sulphnric  chloride ;  but  it  may- 
be obtained  pure  by  treating  suljDhuric  acid  with  phosphorus  oxy- 
chloride,  hydrochloric  acid  and  metaphosphoric  acid  being  produced 
at  the  same  time : 

2(S02.HO.HO)  +  POCI3  =  2(S02.H0.C1)  +  HCl  +  HPO3 . 

It  is  also  formed  by  the  action  of  water  on  sulphuric  chloride  : 

SO2CI2  +  H2O  =  HCl  +  HCISO3. 

SiLlphuric  hydroxychloride  is  a  colourless  liquid,  which  boils  at 
about  150°  being  at  the  same  time  partially  resolved  into  sulphuric 
acid  and  sulphuric  chloride:  2HC1S03  =  H2S04  +  C12S02.  When 
poured  into  water,  it  sinks  to  the  bottom  and  gradually  dissolves, 
with  formation  of  hydrochloric  and  sulphuric  acids.  It  has  decided 
acid  properties,  and  forms  definite  salts  in  which  its  hydrogen  is 
replaced  by  metals.  Thus  it  dissolves  sodium  chloride  at  a  gentle 
heat,  with  evolution  of  hydrochloric  acid,  and  formation  of  the 
saltNaClSOs. 

Pyrosulplmric  Chloride,  S2O5CI2  or  (S02C1)20. — This  compound  is 
formed  on  heating  together  phosphorus  pentachloride  and  sul- 
phuric oxide : 

PClg  +  2SO3  =  S2O5CI2  +  poeig, 

and  by  the  action  of  phosphorus  pentachloride  on  sulphuric  hydroxy- 
chloride: 

PCI5  +  2SO2CIOH  =  (S02C1)20  +  POCI3  +  2HC1. 

It  is  a  colourless  oily  liquid  of  sp.  gr.  1-819  at  18^  boiling  at  146°. 
In  contact  with  water  it  decomposes  slowly  and  noiselessly,  and  is 
thus  distinguished  from  sulphuric  hydroxychloride,  which  is  rapidly 
decomposed,  with  almost  explosive  violence,  when  thrown  into 
water.  When  heated  above  its  boiling  point,  it  is  resolved  into 
chlorine,  sxUphurous  oxide  and  sulphuric  oxide : 

S20,Cl2  =  SO3  +  SO2  +  CI2. 

^^^^^'^itted  to  the  action  of  phosphorus  pentachloride,  it 
yields  chlorme,  sulphurous  oxide,  and  phosjjhorus  oxycldoride : 

SzO^CLi  +  PClfi  =  POCI3  -1-  2SO2  +  2CI2. 
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Carbon  Sulphochloride,  CSCI2. — This  compound,  the  sulphur- 
analogue  of  carbonyl  chloride  or  phosgene  (p.  171  ),  is  produced, 
together  with  chlorine  monosulphide,  by  the  action  of  dry  chlorine  on 
carbon  disulphide :  CSg  +  CI4  =  SClg  4-  CSCI3,  or  bypassing  a  mixture  of 
hydrogen  sulphide  and  vapour  of  carbon  tetrachloride  through  a 
red-hot  tube:  CCl4-|-H2S  =  2HCl  +  CSCl2.  It  is  a  yellow  Uquid 
having  a  very  irritating  odour,  not  acted  upon  by  water  or  acids, 
but  decomposed  by  potash,  yielding  potassium  sulphide,  potassiiun 
carbonate,  and  carbon  tetrachloride  : 

2CSCI2     +     3K2O      =     2K2S     +     KjCOg     +  CCI4. 

Sulphur  and  Bromine. — Bromine  dissolves  sulphur,  foiToing  a 
brown  red  liquid  probably  containing  a  sulphur  bromide  analogous 
to  sulphur  monochloride  ;  but  it  has  not  been  obtained  pure. 

Sulphur  and  Iodine. — These  elements  combine  when  heated 
together,  even  under  water.  The  resulting  compound,  8,12,  con- 
taining 32  parts  of  sulphur  and  127  parts  of  iodine,  is  a  blackish- 
grey  radio-crystalline  mass,  resembling  native  antimony  sulphide. 
It  decomposes  at  liigher  temperatures,  gives  off  iodine  on  exposure 
to  the  air,  and  is  insoluble  in  water.  By'  heating  254  parts  of 
iodine  with  _32  parts  of  sulphur,  a  compoimd  is  obtained  which 
smells  like  iodine,  and  is  said  to  be  a  powerful  remedy  in  skin 
diseases.  A  cinnabar-red  sulphur  iodide  is  obtaiued,  according  to 
Grosoimli,  by  precipitating  iodine  trichloride  with  hydrogen  sul- 
phide. 


SELENIUM. 

Atomic  weight,  79-4.   Symbol,  Se. 

This  is  a  very  rare  substance,  much  resembbng  sulj)hur  in  its 
chemical  relations,  and  found  in  association  with  that  element  in 
some  few  localities,  or  replacing  it  in  certain  metallic  combinations, 
as  in  the  lead  selenide  of  Clausthal  in  the  Hartz.  To  separate  it, 
the  pulverised  ore  is  treated  with  hydrochloric  acid  to  dissolve 
earthy  carbonates,  and  the  washed  and  dried  residue  is  ignited  for 
some  time  with  an  equal  quantity  of  black  flux  (a  mixture  of  potas- 
sium carbonate  and  charcoal).  The  selenium  is  thereby  converted 
into  potassium  selenide,  which  by  treatment  with  boiling  water  is 
dissolved  away  fi-om  the  oxides  formed  at  the  same  time.  This 
solution  when  exposed  to  the  air  absorbs  oxygen,  and  yields  the 
selenium  as  a  grey  deposit,  which  may  be  purified  by  washing, 
drying,  and  distillation.* 

Selenium  is  a  reddish-brown  solid  body,  somewhat  translucent, 

*  For  further  details,  and  for  other  methods,  see  Gmelin's  Handbook  of 
Chemistry,  English  Edition,  vol.  ii.  p.  232. 
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and  having  fin  imperfect  metallic  lustre.  Its  specific  gravity,  when 
rapiiUy  cooled  after  fusion,  is  4-3.  At  100°,  or  a  little  above,  it 
melts,  and  boils.  It  is  insoluble  in  water,  and  exhales,  when  heated 
iu  the  air,  a  peculiar  and  disagreeable  odour,  which  has  been  com- 
pared to  that  of  decaying  horse-radish :  it  is  insoluble  in  alcohol, 
but  dissolves  sbghtly  in  carbon  bisulpliide,  from  which  solution 
it  crystallises. 

Oxides  of  Selenium — Two  oxides  of  selenium  are  knowir.  The 
one  containing  the  smallest  proportion  of  oxygen  is  formed  by  the 
imperfect  combustion  of  selenium  in  air  or  oxygen  gas.  It  is  a 
colourless  gas  which  is  the  source  of  the  peculiar  horse-radish  odour 
above  mentioned.    Its  composition  is  not  knowm. 


stance  which  absorbs  water  rapidly,  forming  a  hydroxide,  viz, 

Selenium.      Oxygen.   Hydi-ogen.        ^''o^^e^  Water. 
Selenlous   acid,   or }        .  ,„ 
Fyckogenselenite,  /   '^'^    +    48+2  or  111-4  +  18 

This  acid,  H.jSeOg  or  HjO.SeOg,  analogous  in  composition  and 
properties  to  sulphurous  acid,  is  likewise  jDroduced  by  dissolving 
selenium  in  nitric  or  nitromuriatic  acid.  It  is  deposited  from  its 
hot  aqueous  solution  by  slow  cooling  in  prismatic  crystals  like 
those  of  saltpetre  ;  but  when  the  solution  is  evaporated  to  di-yness, 
the  selenious  acid  is  resolved  into  water  and  selenious  oxide,  which 
suljlimes  at  a  higher  temperature. 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sul- 
phuric acid  in  the  energy  of  its  reactions.  It  reddens  Litmus, 
decomposes  carbonates  with  effervescence,  and  decomposes  nitrates 
and  chlorides  with  aid  of  heat.  Its  solution  precipitates  lead  and 
silver  salts,  and  is  decomposed  by  hydrogen  sulphide,  yielding  a 
pr^ipitate  of  selenium  sulphide  :  H^SeOg  +  2H,S  =  SH^O  +  SeS„ 

The  metallic  selemtes  resemble  the  sulphites.  When  heated 
with  sodium  carbonate  in  the  inner  blow-pipe  flame,  they  emit  the 
characteristic  odour  of  selenium.  They  are  not  decomposed  by 
boiling  with  hydrochloric  acid. 

S  e  1  e  n  i  c  acid,  R^SeO^,  is  a  more  highly  oxidised  acid  of  selenium, 
analogous  to  sulphuric  acid,  and  containing  79-4  parts,  by  weight, 
of  selenium,  64  of  oxygen,  and  2  of  hydi-ogen.  The  correspond- 
ing anhydrous  oxide  is  not  known.  Selenic  acid  is  prepared  by 
tusing  potassium  or  sodium  nitrate  with  seleniimi,  precipitating 
the  .selenate  so  produced  with  a  lead  salt,  and  then  decomposing 
the  compound  with  hydrogen  sulphide.  The  acid  strongly  resembles 
oil  ot  vitriol;  but  when  very  much  concentrated,  it  is  decomposed, 
by  the  application  of  heat,  into  selenious  acid  and  oxygen.  The 
aelenates  bear  the  closest  analogy  to  the  sulphates  in  almost  every 
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particular.  They  are  decomposed  by  Ijoiling  with  hydrochloric 
acid,  chlorine  being  evolved  and  a  salt  of  selenious  acid  being  pro- 
duced. 

Hydrogen  Selenide;  Selenhydric  Acid ;  Selenietted  Hydrogen,  HgSe. 
— This  substance  is  produced  by  the  action  of  dilute  sulphuiic  acid 
upon  selenide  of  potassium  or  iron.  It  very  much  resembles  sul- 
phuretted hydi'ogen,  being  a  colourless  gas,  freely  ■soluble  in  water, 
and  decomposing  metallic  solutions  like  that  suostance :  insoluble 
selenides  are  thus  produced.  This  gas  is  said  to  act  very  powerfully 
upon  the  lining  membrane  of  the  nose,  exciting  catan-hal  symptoms, 
and  destroying  the  sense  of  smell.  ,  It  contains  79-4  parts  selenium 
and  2  parts  hydrogen. 


TELLURIUM. 

Atomic  weight,  128.  Symbol,  Te. 

This  element  possesses  many  of  the  characters  of  a  metal,  but  it 
bears  so  close  a  resemblance  to  selenium,  both  in  its  physical  pro- 
perties and  its  chemical  relations,  that  it  is  most  appropriately 
placed  in  the  same  group  with  that  body.  Tellurium  is  found  in  a 
i'ew  scarce  minerals,  in  association  with  gold,  silver,  lead,  and  bismuth, 
apparently  replacing  sulphiu?,  and  is  most  easily  exti-acted  from  the 
bismuth  sulpho-telluride  of  Chemnitz  in  Hungary.  The  finely- 
powdered  ore  is  mixed  with  an  equal  weight  of  dry  sodiiim  car- 
bonate, the  mixture  made  into  a  paste  with  oil,  and  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodiimi  telluride  and 
sulphide  are  thereby  produced,  and  metallic  bismuth  is  set  free. 
The  fused  mass  is  dissolved  ia  water,  and  the  solution  freely  exposed 
to  the  air,  when  the  sodium  and  sulphur  oxidise  to  sodium  hydrate 
and  thiosulphate,  while  the  tellurium  separates  in  the  metallic  state. 

Tellurium  has  the  colour  and  lustre  of  silver  ;  by  fusion  and  slow 
cooling  it  may  be  made  to  exhibit  the  form  of  rhombohedral 
crystals  similar  to  those  of  antimony  and  arsenic.  It  is  brittle,  and 
a  comparatively  bad  conductor  of  heat  and  electricity  :  it  has  a 
density  of  6-26,  melts  at  a  little  below  a  red-heat,  and  volatilises  at 
a  higher  temperature.  TeUm-ium  bums  when  heated  in  the  air,  and 
is  oxidised  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition  to  the 
oxides  of  sulphur,  and  likewise  forming  acids  by  combination  with 
water. 

Composition  by  weight. 

Formula.  Hydrogen.       Tellurium.  Oxygen. 

TeO„  128  +  32 

HJeOg        2      -t-      128  +  48 

TeOg  128  +  48 

H2Te04        2      +      128  +  64 


Tellurous  oxide, 
iicid. 

Telluric  oxide, 
acid, 
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Tellurous  Oxide  may  he  prepared  by  heating  the  precipitated 
acid  to  low  redness.  It  also  separates  in  semi-crystalline  grains  from 
the  aqueous  solution  of  the  acid  when  gently  heated ;  more  abundantly 
and  in  well-defined  octohedrons  fi'oni  the  solution  of  telliu'ous  acid 
in  nitric  acid.  It  is  fusible  and  volatile,  slightly  soluble  in  water, 
but  does  not  redden  litmus.  "When  fused  with  alkaline  hydroxides 
or  carbonates,  it  forms  tellurites. 

Tellurous  Acid  is  best  obtained  by  decomposing  tellurium  tetra- 
chloride with  water.  It  may  also  be  prepared  by  dissohdng  tel- 
lurium in  nitric  acid  of  sjd.  gr.  1-25,  and  poiu'ing  the  solution,  after 
a  few  minutes,  into  a  large  quantity  of  water.  By  either  process  it  is 
obtained  as  a  somewhat  bulky  precipitate,  which,  when  dried  over 
oil  of  vitriol,  appears  as  a  light,  white,  earthy  mass,  having  a  bitter 
metallic  taste.  It  is  slightly  soluble  in  water,  more  easily  soluble  in 
alkalis  and  acids,  the  nitric  acid  solution  alone  being  unstable. 
Sulphm-ous  acid,  zinc,  phosphorus,  and  other  reducing  agents, 
precipitate  metallic  tellmium  ii'om  the  acidified  solution  of  tellurous 
acid.  Like  selenious  acid,  it  is  decomposed  by  hydrogen  sulphide 
and  alkaline  hycbosulphides,  with  formation  of  a  dark  brown 
tellurium  sulphide,  which  dissolves  readily  in  excess  of  alkaline 
hydrosiilphide,  forming  a  sulpho-tellurite. 

Tellurous  acid  is  a  hydi-oxide  in  which  the  acid  and  basic  tendencies 
are  nearly  balanced  ;  in  other  words,  the  tellurium  of  the  compound 
can  replace  the  hydrogen  of  an  acid  to  form  tellurous  salts,  and  the 
hycbogen  of  the  compound  can  be  replaced  by  the  basylous  metals, 
to  form  metallic  telhuites. 


Tellueitjm  Salts. 
Te(S04).-,  Sulphate. 
TeCNOj)^  Nitrate. 
Te{Cfi^2  Oxalate. 
TeCl4  Chloride. 


Tellurites. 
HjTeOs       Hydrogen  tellurite. 
K2Te03       Potassium  tellurite. 
HKTeOg     Hydrogen  and  potas- 
sium tellurite. 
H3K(Te03)2  Trihydropotassic  tel- 
lurite. 


The  tellurites  of  potassium,  sodium,  barium,  strontium,  and 
calcium,  are  formed  by  fusing  tellurous  oxide  or  acid,  with  the 
carbonates  of  the  several  metals  in  the  recj[uired  proportions.  These 
tellurites  are  all  more  or  less  soluble  in  water,  The  teUnrites  of 
the  other  metals,  which  are  insoluble,  are  obtained  by  precipitation. 

Telliiric  Oxide  and  Acid. — Equal  parts  of  tellurous  oxide  and 
sodium  carbonate  are  fused,  and  the  product  is  dissolved  in  water  ; 
a  little  sodium  hydrate  is  added,  and  a  stream  of  chlorine  passed 
through  the  solution.  The  liquid  is  next  saturated  with  ammonia, 
and  mixed  with  solution  of  barium  chloride,  by  which  a  white 
insoluble  precipitate  of  barium  tellurate  is  thrown  down.  This  is 
washed  and  digested  with  a  quarter  of  its  weight  of  sulphuric  acid, 
and  diluted  with  water.    The  filtered  solution  gives,  on  evaporation 
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in  the  air,  large  crystals  of  tellnric  acid,  wHcli  have  the  composi- 
tion, H2TeO,.2H20. 

Crystallised  telluric  acid  is  freely,  although  slowly,  soluble  in 
water  :  it  has  a  metallic  taste,  and  reddens  litmus-paper.  The 
crystals  give  off  their  water  of  crystallization  at  100°,  and  the  re- 
maining acid,  HjTeOi,  when  strongly  heated,  gives  off  more  water, 
and  yields  the  anhydi-ous  oxide,  TeOg,  which  is  then  insoluble  in 
water,  and  even  in  a  boiling  alkaline  liquid.  At  the  temperature  of 
ignition,  telluric  oxide  loses  oxygen,  and  passes  into  tellurous  oxide. 

The  tellui-ates  of  the  allcali-metals  are  soluble  in  water,  and  are 
prepared  by  dissolving  the  requii-ed  quantities  of  telkmc  acid  and  an 
alkaline  carbonate  in  hot  water.  The  other  tellurates  are  insoluble, 
and  are  obtained  by  precipitation. 

The  composition  of  the  alkaline  tellurates  is  exhibited  by  the 
following  formulas  : — 


Tellurium  Sulphides.— Tellurium  forms  two  sulphides,  TeSg 
and  TeSj,  analogous  in  composition  to  the  oxides  ;  they  are  formed 
\)j  the  action  of  hydrogen  sulphide  on  solutions  of  tellurous  acid  and 
tellnric  acid  respectively.  They  are  brown  or  black  substances, 
which  unite  with  metallic  sulphides,  forming  salts  called  sulpho- 
tellurites  and  sulphotellurates. 

Hydrogen  Telluride,  HgTe. — Tellurhydric  Acid,  Hydrotelluric 
Acid,  or  Telluretted  Hydrogen. — This  compoimd  is  a  gas,  resembhng 
sulphuretted  and  selenietted  hydrogen.  It  is  prepared  by  the  action 
of  hydrochloric  acid  on  zinc  tellmide.  It  dissolves  in  water,  forming 
a  colourless  liquid,  which  precipitates  most  metals  from  their 
solutions,  and  deposits  tellurium  on  exposm-e  to  tlie  air. 

Tellurium  Chlorides. — Tellurium  forms  a  dichloride,  TeCl,,  and 
a  tetrachloride,  TeCl4,  both  volatile  and  decomposible  by  e'xcess 
of  water,  the  latter  being  completely  resolved  into  tellurous  and 
hydrochloric  acids:  TeCl^  +  SH^O  =  4HC1  +  H^TeO.,. 

The  tetrachloride  unites  with  the  chlorides  of  the  alkah-metals, 
to  form  crystaUisable  double  salts. 

The  bromides  and  iodides  of  tellurium  correspond  with  the  chlorides 
in  properties  and  composition. 

Compounds  of  the  halogen-acids  with  tellurous  oxide  are  also 
known.    When  this  oxide  is  exposed  to  the  action  of  gaseous  hydro- 


K2Te04  or  KaO.TeOg 

HKTeO^  or  H20.K20.2Te03 

HKTeO^.HaTeO^-  or  3H20.K20.4Te03 
KaTeO^.STeOj     or  K20.4Te03 


Acid  or  Hydxo-potassic 
tellurate,  .... 


Quadracid  or  Trihydro- 
potassic  tellurate,  . 


Anhydrous  Quadritel- 
liu'ate,  .... 
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cjen  bromide  in  a  vessel  cooled  to  - 14°,  the  comijoimd  TeOj.SHBr 
is  formed  iu  groups  of  small  nearly  black  scales  resembling  iodine. 
At  40°  this  compound  gives  off  HBr,  and  is  reduced  to  TeOj.SHBr, 
which,  when  heated  to  300°,  is  resolved  into  water  and  a  yellow 
oxy  bromide:  Te02.HBr=  HgO+TeOBrj  ;  and  at  a  still  higher 
temperatiu'e  this  oxybromide  is  decomposed  into  the  tetrabromide 
and  telliu-ous  oxide  :  2TeOBr  =  TaBr4+Te02.  The  tetrabromide 
passes  off  in  black  vapoiu's  and  crystallises  on  cooling  in  dark 
brown  neetUes. 

Tellm-ous  oxide  is  decomposed  by  hydriodic  acid  at  ordinary 
temperatures,  but  absorbs  it  at  - 15°,  forming  a  compound  which 
decomposes  as  the  temperature  rises.  Tellurous  oxide  likewise 
absorbs  anhydrous  hydrofluoric  acid. 


BORON. 

Atomic  weight,  11.   Symbol,  B. 

This  element,  the  basis  of  boric  or  boracic  acid,  is  prepared  by 
heatLug  the  double  fluoride  of  boron  and  potassium  with  metallic 
potassium  in  a  small  iron  vessel,  and  washing  out  the  soluble  salts 
with  water.  It  is  a  dull,  greenish-brown  powder,  which  burns  in 
the  air  when  heated,  producing  boric  oxide.  Nitric  acid,  alkalis  in 
the  fused  state,  chloriue,  and  other  agents,  attack  it  readily.* 

Boric  Oxide  and  Acid. — There  is  but  one  oxide  of  boron, 
namely,  boric  oxide,  BjOg,  containing  22  parts  of  boron  and  48  of 
oxygen.  It  unites  with  water  and  metallic  oxides,  forming  boric 
acid  and  metallic  borates. 

Boric  or  Boracic  Acid,  or  Hydrogen  Borate,  H3BO3  or  SHgO.BgOa, 
contains  11  parts  boron,  48  oxygen,  and  3  hydrogen,  or  70  parts 
boric  oxide,  and  54  water.  It  is  found  in  solution  in  the  water  of 
the  hot  volcanic  lagoons  of  Tuscany,  whence  a  large  supply  is  at 
present  derived.  It  is  also  easily  made  by  decomposing  with 
sulphuric  acid  a  hot  solution  of  borax,  which  is  an  acid  borate  of 
sodium,  occiuring  aljundantly  in  certain  salt  lakes  of  India,  Thibet, 
and  other  parts  of  Asia. 

Boric  acid  crystallises  in  transparent  colourless  plates,  soluble  in 
aV)out  25  parts  of  cold  water,  and  in  a  much  smaller  quantity  at 
the  boning  heat;  the  acid  has  but  little  taste,  and  feebly  ali'ecte 
vegetable  colours.  When  heated,  it  loses  water,  and  melts  to  a 
glassy  transparent  mass  of  anhydrous  boric  oxide,  wliich  dissol  i^es 

*  Wiihler  and  Deville,  in  1858,  by  fusing  boric  oxide  with  aluminitim,  ob- 
tamcd  very  hard  octohedr.il  crystals  and  a  grapliite-lilte  .substance,  which 
tliey  regarded  as  modifications  of  boron  analogous  to  the  diamond  and  graphite 
varieties  of  carbon ;  but  8uljse<iuent  observations  have  shown  that  both  these 
substances  are  compounda  of  boron  and  aluminium.  (See  Alumintom.) 
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many  metallic  oxides  with  great  ease.  The  crystals  dissolv^e  in 
alcohol,  and  the  solution  burns  with  a  green  flame. 

Glassy  boric  oxide  in  a  state  of  fusion  requires  for  its  dissipation 
in  vapour  a  very  intense  and  long-continued  heat ;  the  aqueous 
solution  cannot,  however,  be  evaporated  -without  very  appreciable 
loss  by  volatilisation :  hence  it  is  probable  that  the  acid  is  far 
more  volatile  than  the  anhydrous  oxide. 

Boron  Nitride,  BN. — This  compound,  containing  11  parts  of 
boron  and  14  of  nitrogen,  is  produced  by  heating  boric  oxide 
with  metallic  cyanides,  or  by  heating  to  bright  redness  a  mixture 
of  sal-ammoniac  and  pure  anhydi'ous  borax,  or  sodium  biborate, 
NaaO.SBaOj : 

Na20.2B203  -I-  2NH4CI  =  2BN  +  B2O3  +  2NaCl  -f  4H2O. 

It  is  a  white  amorphous  powder,  insoluble  in  water,  infusible  and 
non-volatile.  When  heated  in  a  current  of  steam,  it  yields  ammonia 
and  boric  oxide:  2BN4-3H20  =  2NH3-|-B203,  and  likewise  gives 
off  a  large  quantity  of  ammonia  when  fused  with  potash. 

Boron  Chloride,  BCI3,  was  formerly  believed  to  be  a  permanent 
gas  ;  but  recent  researches  have  proved  that  it  is  a  liquid,  boiling 
at  17°,  according  to  Wohler  and  Deville,  at  18°-23  under  a  pressure 
of  2760  millimeters  (Regnault).  It  is  decomposed  by  water,  with 
production  of  boric  and.  hydrochloric  acids,  and  fuming  strongly  in 
the  air.  It  is  most  easily  obtained  by  exposing  to  the  action  of  dry 
chlorine,  at  a  very  high  temperature,  an  intimate  mixture  of  glassy 
boric  oxide  and  charcoal. 

There  is  also  a  Boron  Bromide  of  similar  constitution. 

Boron  Fluoride,  BF3,  is  obtained  by  heating  in  a  glass  flask  or 
retort  1  part  of  vitrified  boric  oxide,  2  of  fluor-spar,  and  12  of  oil  of 
vitriol.  It  is  a  transparent  gas,  very  soluble  in  water,  very  heavy, 
and  forming  dense  fumes  in  the  air. 


SILICON  or  SILICIUM:. 

Atomic  weigtt,  28.  Symbol,  Si. 

This  element  in  union  with  oxygen  constitutes  silica  or  the 
earth  of  flints,  in  which  form  it  enters  lai'gely  into  the  composition 
of  many  of  the  rocks  and  mineral  masses  of  wliich  the  surface  of  the 
earth  is  composed.  The  following  process  yields  silicon  most 
readily.  The  double  fluoride  of  silicon  and  potassium  is  heated  in 
a  o-lass  tube  with  nearly  its  own  weight  of  metallic  potassium ; 
violent  reaction  ensues,  and  silicon  is  set  free.  When  cold,  the 
contents  of  the  tube  are  put  into  cold  water,  which  removes  the 
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saline  matter  and  any  residual  potassinm,  and  leaves  the  silicon 
imtouched.  So  prepared,  silicon  is  a  dark-brown  powder,  destitute 
of  lustre.  Heated  in  tlie  air,  it  burns,  and  becomes  superficially 
converted  into  silica.  It  is  also  acted  upon  by  sulphur  and  by 
chlorine.  When  silicon  is  strongly  heated  in  a  covered  crucible, 
its  properties  are  greatly  changed  ;  it  becomes  darker  in  colour, 
denser,  and  incombustible,  refusing  to  burn  even  when  heated  by 
the  flame  of  the  oxy-hydrogen  blowpipe. 

Silicon,  like  carbon,  is  capable  of  existing  in  three  different 
modifications.  The  modification  above  mentioned  corresponds  with 
the  amorphous  variety  of  carbon  (lamp-blaclv).  The  researches  of 
Wohler  and  Deville  have  established  the  existence  of  modifications 
corresponding  with  the  diamond,  and  with  the  graphite  variety  of 
carbon.  The  diamond  modification  of  silicon  is  most  readily 
obtained  by  introducing  into  a  red-hot  crucible  a  mixture  of  3  parts 
of  potassium  silico-fluoride,  1  part  of  sodium  in  small  fragments, 
and  1  part  of  gi'anulated  zinc,  and  heating  to  perfect  fusion.  On 
slowly  cooling,  there  is  formed  a  button  of  zinc,  covered  and  inter- 
spersed with  needle-shaped  crystals  consisting  of  octohedrons  joined 
in  the  dii-ection  of  the  axis.  This  crystallised  silicon,  which  may 
be  readily  freed  fi-om  zinc  by  treatment  with  acids,  resembles 
crystallised  hfematite  in  colonr  and  appearance  :  it  scratches  glass, 
and  fuses  at  a  temperatiu-e  approaching  the  melting  point  of  cast 
iron.  The  graphite  modification  of  silicon  is  prepared  by  fusing, 
in  a  Hessian  crucible,  5  parts  of  soluble  glass  (potassium  silicate),  10 
parts  of  cryolite  (sodium  and  aluminium  fluoride),  and  1  part  of 
aluminium.  On  treating  the  resulting  button  of  aluminium  with 
hydrochloric  acid,  the  silicon  remains  in  the  form  of 
scaly  crystals,  resembling  graphite,  but  of  somewhat 
brighter  colour,  scratching  glass,  like  the  previous  modi- 
fication.   It  is  infusible.    Its  specific  gravity  is  2-49. 

Silica,  or  Silicic  Oxide,  Si02. — This  is  the  only 
known  oxide  ;  it  contains  28  parts  silicon  and  32  parts 
oxygen.  Colourless  transparent  rock-crystal  consists  of 
sUica  very  nearly  pure  ;  common  quartz,  agate,  chalce- 
dony, flint,  and  several  other  minerals,  are  also  chiefly 
composed  of  this  substance. 

The  following  experiment  furnishes  silica  in  a 
state  of  complete  purity,  and  at  the  same  time  ex- 
hibits one  of  the  most  remarkable  properties  of  silicon, 
namely,  its  attraction  for  fluorine.  A  mixtiu-e  of 
ef[ual  parts  of  fluor-spar  and  glass,  both  finely  pow- 
dered, is  introduced  into  a  glass  flask,  with  a  quantity 
of  oil  of  vitriol.  A  tolerably  wide  bent  tube,  fitted 
to  the  flask  by  a  cork,  passes  to  the  bottom  of  a  glass  jar  (fig.  123), 
into  which  enough  mercury  is  poured  to  cover  the  extremity  of 
the  tube.  The  jar  is  then  half  tilled  with  water,  and  heat  is  applied 
to  the  flask. 
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The  first  effect  is  the  disengagement  of  hydrofluoric  acid  :  this 
siibstance,  however,  finding  itseKin  contact  with  the  sUica  of  tlie 
powdered  glass,  undergoes  decomposition,  water  and  silicon  fluoride 
being  produced.  The  latter  is  a  permanent  gas,  which  escapes 
from  the  flask  by  the  bent  tube.  By  contact  with  a  large  quantity 
of  water,  it  is  in  turn  decomposed,  yielding  silica,  which  separates 
in  a  beautiful  gelatinous  condition,  and  an  acid  liquid,  which  is  a 
double  fluoride  of  silicon  and  hydrogen,  4HF.SiF4,  commonly 
called  hydxofluosilicic  or  siEco-fluoric  acid,  thus 

(1.)  Eeaction  of  hydrofluoric  acid  with  silica  : 

4HF  +  SiOg  =  2H2O  +  SiF^ . 

(2.)  Decomposition  of  silicon  fluoride  by  water : 

SSiF^  +  2H2O  =  SiOg  +  4HF.SiF4 . 

The  silica  may  be  collected  on  a  cloth-filter,  well  washed,  dried, 
and  heated  to  redness  to  expel  water.  The  acid  liquid  is  kept  as  a 
test  for  barium  and  potassium,  with  which  it  forms  nearly  insoluble 
precipitates,  the  double  fluoride  of  silicon  and  potassium  being 
used,  as  was  stated,  in  the  preparation  of  silicon. 

Silicon  fluoride,  SiF^,  instead  of  being  condensed  into  water, 
may  be  collected  over  mercury  :  it  is  a  permanent  gas,  destitute  of 
colour,  and  very  heavy.  Admitted  into  the  air,  it  condenses  the 
moistiu-e  of  the  latter,  giving  rise  to  a  thick  white  cloud.  It  is 
important,  in  the  experiment  above  described,  to  keep  the  end  of 
the  delivery-tube  from  touching  the  water  of  the  jar,  otherwise  it 
almost  instantly  becomes  stopped  :  the  merciuy  efl'ects  this  object. 

Pure  silica  may  also  be  prepared  by  another  method,  which  is 
very  instructive,  inasmuch  as  it  is  the  basis  of  the  proceeding 
adopted  in  the  analysis  of  all  siliceous  minerals.  Powdered  rock- 
crystal  or  fine  sand  is  mixed  with  about  three  times  its  weight  of 
dry  sodium  carbonate,  and  the  mistui-e  fused  in  a  lalatinum  crucible. 
When  cold,  the  glassy  mass  is  boiled  with  water,  by  wliich  it  is 
softened,  and  almost  entirely  dissolved.  An  excess  of  hydrochloric 
acid  is  then  added  to  the  filtered  liquid,  and  the  whole  evaporated 
to  complete  dryness.  By  this  treatment  the  gelatinous  silica 
thrown  down  by  the  acid  becomes  completely  insoluble,  and  remains 
behind  when  the  dry  saline  mass  is  treated  -with  acididated  water, 
by  which  the  alkaline  salts,  alumina,  ferric  oxide,  lime,  and  many 
other  bodies  which  may  happen  to  be  present,  are  removed.  The 
sUica  is  washed,  di-ied,  and  heated  to  redness. 

The  most  prominent  characters  of  silica  are  the  follo-w-ing  : — It 
is  a  very  fine,  white,  tasteless  powder,  ha\ang  a  density  of  about 
2-66,  fusible  only  by  the  oxy-hydrogen  blow-pipe.  When  once 
dried  it  is  not  sensibly  soluble  in  water  or  dilute  acids  (vdth.  the 
exception  of  hydrofluoric  acid).  But  on  adding  hydrochloric  acid 
to  a  very  dilute  solution  of  potassium  silicate,  the  liberated  silica 
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reinaiiis  in  solution.  From  tliis  mixed  solution  of  silica  and 
potassium  chloride,  the  latter  may  be  separated  by  diffusion  (comp. 
p.  146),  whereby  a  moderately  concentrated  solution  of  silica  in 
water  is  obtained.  This  solution  has  a  distinctly  acid  reaction  •  it 
presents,  however,  but  little  stability.  When  kept  for  some  time 
it  gelatmises,  the  silica  separating  in  the  insoluble  modification. 
The  same  effect  is  produced  by  the  addition  of  a  few  drops  of 
sulphuric  or  nitric  acid,  or  of  a  solution  of  salt. 

Silica  is  essentially  an  acid  oxide,  forming  salts  with  basic 
metallic  oxides,  and  decomposing  all  salts  of  volatile  acids  when 
heated  -i^ath  them.  In  strong  alkaline  liquids  it  is  freely  soluble 
When  heated  with  bases,  especially  those  which  are  capable  of 
imdergomg  fusion,  it  unites  -with  them  and  forms  salts,  which  are 
sometmies  soluble  in  water,  as  in  the  case  of  the  potassium  and 
sodium  silicates,  when  the  proportion  of  base  is  considerable. 
Common  glass  is  a  mixture  of  several  silicates,  in  which  the  reverse 
of  this  happens,  the  silica  being  in  excess.  Even  glass,  however 
IS  slowly  acted  upon  by  water.  Finely  divided  silica  is  highly  useful 
in  the  manufacture  of  porcelain. 

Silicon  Hydride,  or  Silicated  Hydrogen,  was  discovered  by  Buff 
and  Wohler,  who  olitained  it  by  passing  an  electric  current  through 
a  solittion  of  sodium  chloride,  the  positive  pole  employed  consisting 
of  alumimum  containing  silicon.  More  recently,  Wohler  and 
Martius  produced  this  gas  by  treating  magnesium  containing  silicon 
with  hydrochloric  acid.  Both  methods  yield  silicic  hydi-ide  mixed 
with  free  hydrogen.  Friedel  and  Ladenburg,  however,  by  decom- 
po.sing  smcic  triethyl-formate  (see  Silicic  Ethers)  in  contact  with 
socbum,  have  obtained  it  pure,  and  sho-mi  that  it  consists  of  28  parts 
by  weight  of  silicon  and  4  parts  of  hydrogen,  answering  to  the 
iormiUa  SiH^.  The  reaction  by  which  it  is  produced  is  represented 
by  the  following  equation : — 

4SiH(0C2H,)3  =  SiH,  +  SSiCOC^H,),. 

Silicic  triethyl  Silicic  Tetretliylic 

formate.  hydride.  silicate. 

Silicon  hydride  is  a  colourless  gas.  In  the  impure  state,  as 
obtamed  by  the  two  processes  above  gi^n,  it  takes  fire  spontaneously 
on  coming  m  contact  with  the  air,  and  burns  with  a  white  flame 
evolvmg  clouds  of  silica.  Pure  silicic  hydride,  however,  does  not 
Ignite  spontaneously  under  the  ordinary  atmo.spheric  pressure  ; 
but  on  pa.ssing  a  bubble  of  air  into  the  rarefied  gas  standing  over 
mercury,  it  takes  fire,  and  yields  a  deposit  of  amorphous  silicon 
mixeri  with  silica.  On  passing  silicic  hydride  through  a  red-hot 
tube.  It  18  decomposed,  siHcon  being  deposited. 

CoMPotJNDs  OF  Silicon  and  Chlorine.— Silicon  unites 
directly  with  chlorine,  forming  a  tetrachloride,  SiCL.  This  com- 
pound IS  obtamed  by  mixing  finely  divided  silica  with  charcoal 
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powder  and  oil,  strongly  heating  the  mixture  in  a  covered  crucible, 
and  then  exposing  the  mass  so  obtained,  in  a  porcelain  tube  heated 
to  full  redness,  to  the  action  of  perfectly  dry  chlorkie  gas.  A  good 
condensing  aiTangement,  supplied  with  ice-cold  water,  must  be 
connected  with  the  porcelain  tube.  The  product  is  a  colomless 
and  very  volatEe  liquid,  boiling  at  50°,  of  pungent,  suffocating 
odour.  In  contact  with  water,  it  yields  hydrochloric  acid  and 
gelatinous  silica. 

When  hydrochloric  acid  gas  is  passed  over  crystallised  silicon 
heated  to  a  temperature  below  redness,  a  very  volatile  inflammable 
liquid  is  obtained,  which,  when  purified  by  distillation,  has  the 
composition  of  silicic  htjdrotrichloride,  SiHCla,  contaiaiag  28  parts 
silicon,  1  hydrogen,  and  106-5  chlorine.  This  compound  is  decom- 
posed by  water,  forming  a  white  oxygenated  body,  probably  silicon 
hydrotrioxicle,  Si^Ufi^,  which  by  prolonged  contact  with  water  is 
further  decomposed,  with  evolution  of  hydrogen  and  formation  of 
silica. 

A  mixture  of  silicie  hydrotrichloride  and  bromine  heated  to 
100°  ia  a  closed  vessel  becomes  dark  coloured,  and  is  converted  iat-o 
the  bromotrichloride,  SiBrCl3. 

Silicon  tetrabromide,  SiBr^,  obtained  like  the  tetrachloride, 
resembles  that  compound,  but  is  less  volatile. 

Silicon  Fluoride,  SiF^,  has  been  already  described  (p.  232;. 


PHOSPHORUS. 

Atomic  weight,  31.    Symbol,  P. 

Phosphorus  in  the  state  of  phosphoric  acid  is  contained  in  the 
ancient  imstratified  rocks  and  in  lavas  of  modern  origin.  As  these 
disintegrate  and  crumble  dovra  into  fertile  soil,  the  phosphates  pass 
into  the  organism  of  plants,  and  ultimately  into  the  bodies  of  the 
animals  to  which  the  plants  serve  for  food.  The  earthy  phosphates 
play  a  very  important  part  in  the  structiu-e  of  the  animal  frame,  by 
communicating  stiffness  and  inflexibility  to  the  bony  skeleton. 

Phosphorus  was  discovered  in  1669  by  Brandt,  of  Hamburg,  who 
prepared  it  from  urine.  The  follo-ndng  is  an  outline  of  the  process 
now  adopted  : — Thoroughly  calcined  bones  are  reduced  to  powder, 
and  mixed  with  two-thu-ds  of  their  weight  of  sulphuric  acid  diluted 
with  a  considerable  quantitj^  of  water  :  this  mixtiu-e,  after  standing 
for  some  hours,  is  filtered,  and  the  nearly  insoluble  calcium 
sulphate  is  washed.  The  liquid  is  then  evaporated  to  a  syrupy 
consistence,  mixed  with  charcoal  powder,  and  the  desiccation  is 
completed  in  an  iron  vessel  exposed  to  a  high  temperature.  When 
quite  dry,  it  is  transferred  to  a  stoneware  retort  to  which  a  wide 
bent  tube  is  luted,  dipping  a  little  way  into  the  water  contained  in 
the  receiver.   A  narrow  tube  serves  to  give  issue  to  the  gases,  which 


PHOSPHORUS. 


235 


are  conveyed  to  a  chiumey.  This  manufacture  is  now  conducted 
on  a  very  large  scale,  the  consumption  of  phosphorus,  for  the  appar- 
ently ti-iihug  article  of  instantaneous-light 
matches,  being  something  prodigious. 

Phosphorus,  when  piu'e,  very  much  re- 
sembles in  appeai-ance  imperfectly  bleached 
wax,  and  is  soft  and  flexible  at  common 
temperatures.    Its  density  is  1'77,  and  that 
of  its  vapour  4'35,  aii-  being  unity,  or  62 
referred  to  hydrogen  as  unity.    It  melts  at 
44°,  and  boils  at  280°.    On  slowly  cooling 
melted  phosphorus,  well-formed  dodecahed- 
rons are  sometimes  obtained.     It  is  in- 
soluble in  water,  and  is  usually  kept  im- 
mersed in  that  lic^uid,  but  dissolves  in  oil, 
in  native  naphtha,  and  especially  in  carbon 
bisulphide.    When  set  on  fire  in  the  air, 
it  burns  with  a  bright  flame,  generating 
phosphoric  oxide.     Phosphorus  is  exceedingly  inflammable ;  it 
sometimes  takes  fire  by  the  heat  of  the  hand,  and  demands  great 
care  in  its  management ;  a  blow  or  hard  rub  will  very  often  kindle 
it.    A  stick  of  phosphorus  held  in  the  air  always  appears  to  emit 
a  whitish  smoke,  which  iu  the  dark  is  luminous.    This  efi'ect  is 
chiefly  due  to  a  slow  combustion  which  the  phosphorus  undergoes 
by  the  oxygen  of  the  air,  and  upon  it  depends  one  of  the  methods 
employed  for  the  analysis  of  air,  as  already  described.    It  is  singular 
that  the  slow  oxidation  of  phosphorus  may  be  entirely  prevented 
by  the  presence  of  a  small  quantity  of  olefiant  gas,  or  the  A^apour  of 
ether,  or  some  essential  oil ;  phosphorus  may  even  be  distilled  in 
an  atmosphere  containing  vapour  of  oil  of  turpentine  in  considerable 
quantity.    Neither  does  the  action  go  on  in  pm-e  oxygen — at  least, 
at  the  temperature  of  15°-5,  which  is  very  remarkable  ;  but  if  the 
ga.s  be  rarefied,  or  diluted  with  nitrogen,  hydrogen,  or  carbonic 
acid,  oxidation  is  set  up. 

A  very  remarkable  modification  of  this  element  is  known  by  the 
name  of  amorphous  phosphorus.  It  was  discovered  by 
Schrotter,  and  may  be  made  by  exposiug  common  phosphorus  for 
fifty  hours  to  a  temperature  of  240°  to  250°,  in  an  atmosphere  which 
is  imable  to  act  chemically  upon  it.  At  this  temperature  it  becomes 
red  and  opaque,  and  insoluble  in  carbon  bisulphide,  whereby  it  may 
be  separated  from  ordinary  phosphorus.  It  may  be  obtained  in 
compact  masses  when  common  phosphorus  is  kept  for  a  week  at  a 
constant  high  temperature.  It  is  a  coherent,  reddish-brown,  infusible 
substance,  of  specific  gravity  between  2-089  and  2-106.  It  does  not 
become  luminous  in  the  dark  imtil  its  temperature  is  raised  to  aljout 
200°,  nor  has  it  any  tendency  to  combine  with  the  oxygen  of  the  air. 
When  heated  to  260°,  it  is  reconverted  into  ordinary  phosphorus. 

When  phosphorus  is  melted  beneath  the  surface  of  hot  water,  and 
a  stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  combustion, 
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ensues,  and  the  phosphorus  is  converted  in  great  part  into  a  hrick- 
red  powder,  which  was  formerly  believed  to  be  a  peculiar  oxide  of 
phosphorus  ;  but  Schrotter  has  shown  that  it  is  a  mixture,  consisting 
chiefly  of  amorphous  phosphorus. 


Compounds  of  Phosphorus  and  Oxygen. 

There  are  two  definite  oxides  of  phosphorus,  in  which  the  quantities 
of  oxygen  united  with  the  same  quantity  of  phosphorus  are  to  one 
another  as  3  to  5,  viz.  : — 

Composition  by  weight. 


Phosphorus  Trioxide,  or 
Phosphorus  oxide, 

Phosphorus  Pent  oxide,  or 
Phosphoric  oxide, 


Formula.  Phosphoms. 


62 
62 


Oxygen. 
48 

80 


Both  these  are  acid  oxides,  uniting  with  water  and  metallic  oxides 
to  form  salts,  called  phosphites  and  phosphates  respectively; 
the  hydrogen  salts  being  also  called  phosphorous  and  phosphoric 
acid.  There  is  also  another  oxygen-acid  of  phosphorus,  containing 
a  smaller  proportion  of  oxygen,  called  hypophosphorous  acid, 
to  which  there  is  no  corresponding  anhydrous  oxide. 

Hypophosphorous  Acid,  HgPOg.— When  iDhosphorus  is  boiled 
with  a  solution  of  lime  or  baryta,  water  is  decomposed,  giving 
rise  to  phosphoretted  hydrogen  and  hypophosphorous  acid  :  the  fii'st 
escapes  as  gas,  and  the  hypophosphorous  acid  remains  as  a  bai-iimi 
salt : 


+  SBaHjOa 
Barium 
hydioxide. 


+ 


6H2O 


=  3BaH4(P02)2 

Barium 
hypophosphite. 


+ 


2H3P. 

Hydrogen 
phosphide. 


The  soluble  hypophosphite  may  be  crystallised  out  by  slow 
evaporation.  On  adding  to  the  liquid  the  quantity  of  sidphuric 
acid  necessary  to  precipitate  the  base,  the  hypophosphorous  acid  is 
obtained  in  solution,  and  may  be  reduced  to  a  syrupy  consistence 
by  evaporation.  The  acid  is  very  prone  to  absorb  more  oxygen, 
and  is  therefore  a  powerful  deoxidising  agent.  All  its  salts  ai-e 
soluble  in  water. 

Phosphorous  Oxide,  PgOg,  is  formed  by  the  slow  combustion  of 
phosphorus  in  the  air  :  or  by  biu-niiig  that  substance  by  means 
of  a  very  limited  siipply  of  dry  air,  in  which  case  it  is  anhydrous, 
and  presents  the  aspect  of  a  white  powder.  Phosphorous  acid,  H3POS 
or  3H2O.P2O3,  is  most  conveniently  prepared  by  adding  water 
to  the  trichloride  of  phosphorus,  when  miitual  decomposition  tates 
place,  the  oxygen  of  the  water  being  transferred  to  the  phosphorus, 
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generating  phosphorous  acid,  and  its  hydrogen  to  the  chlorine  giving 
rise  to  hycU-ochloric  acid  : 

PCI3  4-  3H2O  =  3HC1  +  H3PO3 . 

By  evaporating  the  solution  to  the  consistence  of  syi-up,  the 
hydrochloric  acid  is  expelled,  and  the  residue  crystaUides  on 
cooling. 

Phosphorous  acid  is  very  deliquescent,  and  very  prone  to  attract 
oxygen  and  pass  into  phosphoric  acid.  When  heated  in  a  close 
vessel,  it  is  resolved  into  phosphoric  acid  and  piu-e  phosphoretted 
hycbogen  gas.  It  is  composed  of  110  parts  of  phosphorous  oxide 
and  54  pai-ts  of  water,  or  31  phosphorus,  48  oxygen,  and  3  hydro- 
gen. 

Phosphoric  Oxide,  PgOg  (also  called  Anhydrous  Phosphoric  Acid, 
or  Phosphoric  Anhydride). — When  phosphorus  is  burned  under  a 
bell-jar  by  the  aid  of  a  copious  supply  of  dry  ail',  snowHke  phosphoric 
oxide  is  produced  in  great  quantity.  This  substance  exhibits 
attraction  for  water,  stronger  even  than  that  of  sulphuric  oxide ;  in 
fact  siilphuric  odde  may  be  prepared  by  heating  strong  sulphuric 
acid  in  contact  with  phosphoric  oxide.  Exposed  to  the  aii-  for  a 
few  moments,  phosphoric  oxide  deliquesces  to  a  liquid,  and  when 
thrown  into  water,  combines  with  the  latter  with  explosive  violence, 
and  is  converted  into  phosphoric  acid.  The  water  thus  taken  up 
cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  in  a  retort  with 
which  a  receiver  is  connected,  and  fragments  of  phosphorus  are 
added  singly,  taking  care  to  suffer  the  violence  of  the  action  to 
subside  after  each  addition,  the  phosphorus  is  oxidised  to  its 
maximum,  and  converted  into  phosphoric  acid.  By  distilling  off 
the  greater  part  of  the  nitric  acid,  transferring-  the  residue  in  the 
retort  to  a  platinum  vessel,  and  then  cautiously  raising  the  heat  to 
redness,  the  phosphoric  acid  may  be  obtained  pure.  This  is  the 
glacial  phosphoric  acid  of  the  Pharmacopoeia. 

A  third  method  of  preparing  phosphoric  acid  consists  in  taking  the 
acid  calcium  phosphate  produced  by  the  action  of  sulphuric  acid 
on  bone-earth,  precipitating  it  with  a  slight  excess  of  ammonia 
carbonate,  separating  by  a  filter  the  insoluble  calcium  salt,  and  then 
evaporatmg  and  igniting  in  a  platinum  vessel  the  mixed  phosphate 
anrl  sulphate  of  ammonia.  Phosphoric  acid  alone  remains  behind. 
The  acid  thus  obtained  is  somewhat  impure. 

One  of  the  most  advantageous  methods  of  preparing  pure  phos- 
phoric acid  on  the  large  scale,  is  to  bum  phosphorus  in  a  two-necked 
glass  globe  through  which  a  current  of  dry  air  is  passed  :  in  this 
way  the  process  may  be  carried  on  continuously.  The  phosphoric 
oxKle  obtained  may  be  preserved  in  that  state,  or  converted  into 
liydrate  or  glacial  acid,  by  addition  of  water  and  subsequent  fusion 
m  a  platinum  vessel. 

Glacial  phosphoric  acid, or  metaphosphoric  acid,  is  exceedingly; 
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deliquescent,  and  requires  to  be  kept  in  a  closely  stopped  Lottie.  It 
contains  142  parts  of  phosphoric  oxide  and  18  parts  of  water,  or  31 
phosphorus,  48  oxygen,  and  1  hydrogen,  and  is  represented  by  the 
formula  H2O.P2O5  or  HPO3.  Phosphoric  oxide  likewise  unites  Avith 
2  and  3  molecules  of  water,  forming  the  compounds  2H2O.P2O5  or 
H4P2O7  and  3H2O.P2O5  or  H3PO4,  called  respectively  pyrophos- 
phoric  acid  and  orthophosphoric  acid.  The  last  is  formed 
by  oxidising  phosphorus  with  nitric  acid,  and  by  the  action  of  water 
on  phosphorus  pentachloride  : 

PClfl  +  4H2O  =  5HC1  +  H3PO4. 

The  aqueous  solution  evaporated  to  a  thin  syrup,  and  left  over  oil 
of  vitriol,  deposits  orthophosphoric  acid  in  prismatic  crystals.  The 
same  solution  may  be  heated  to  160°  -without  change  ia  the  com- 
position of  the  acid  ;  but  at  213^  it  gives  off  a  molecule  of  water,  and 
is  converted  into  pyrophosphoric  acid  ;  and  at  a  red-heat  it  gives 
off  another  molecule  of  water,  and  leaves  metaphosphoric  acid. 
Each  of  these  acids  forms  a  distinct  class  of  salts,  exhibiting  reactions 
peculiar  to  itseK.  They  will  be  described  in  connection  with  the 
general  theory  of  saline  compounds. 

Phosphoric  oxide  is  readily  volatilised,  and  may  be  sublimed  by 
the  heat  of  an  ordinary  spirit-lamp.  The  acid  may  be  fused  in  a 
platinum  crucible  at  a  red-heat ;  at  this  temperature,  it  evolves 
considerable  quantities  of  vapour,  but  is  still  far  from  its  boiling 
point.  Phosphoric  acid  is  a  very  powerful  acid  :  being  less  volatile 
than  sulphuric  acid,  it  expels  the  latter  at  higher  temperatures, 
although  it  is  displaced  by  sidphuric  acid  at  common  temperatures. 
Its  solution  has  an  intensely  sour  taste,  and  reddens  Litmus-paper ; 
it  is  not  poisonous. 

Compounds  of  Phosphorus  and  Hydrogen. 

Phosphorus  Trihydride. — Fhosphine.^Phosphoretted  Hydrogen, 
PH3. — This  body  is  analogous  in  some  of  its  chemical  relations  to 
ammoniacal  gas  ;  its  alkabne  properties  are,  however,  much  weaker. 

It  may  be  obtained  in  a  state  of  pmity  by  heating  phosphorus 
acid  in  a  small  retort,  the  acid  being  then  resolved  into  phosphoretted 
hydi'ogen  and  phosphoric  acid  : 

4H3PO3  =  PH3  -f-  3H3PO4 . 

Thus  obtained,  the  gas  has  a  density  of  1-24.  It  contains  31 
parts  phosphorus  and  3  parts  hydrogen,  and  is  so  constituted  that 
every  two  volumes  contain  3  volumes  of  hydi-ogen  and  half  a  volume 
of  phosphorus  vapour,  condensed  into  two  vohuues.  It  has  a  highly 
disagreeable  odour  of  garlic,  is  slightly  soluble  in  water,  and  burns 
with  a  brilliant  white  flame,  forming  water  and  phosphoric  acid. 

Phosphoretted  hydrogen  may  also  be  produced  by  boiling  together, 
in  a  retort  of  small  dimensions,  caustic  potash  or  slaked  Unie,  water, 
and  phosphorus :  the  vessel  should  be  filled  to  the  neck,  and  the 
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extremity  of  the  latter  made  to  dip  into  the  water  of  the  imeiunatic 
trough.  In  the  reaction  which  ensues,  the  water  is  decomposed,  and 
both  its  elements  combine  with  the  phosphorus. 

Pg  +  SCaHaOa  +   eH^O  =  2PH3  +  SCaH.P^O, 

Calcium  Calcium 
hydroxide.  ■  liypophosphite. 

The  phosphoretted  hydrogen  prepared  by  the  latter  process  has  the 
singuliu-  property  of  spontaneous  inflammability  when  admitted  into 
the  air  or  into  oxygen  gas  ;  with  the  latter,  the  experiment  is  very 
beautiful,  but  requii'es  caution  :  the  bubbles  should  be  admitted  singly. 
When  kept  over  water  for  some  time,  the  gas  loses  this  property, 
without  otherwise  suflering  any  appreciable  change  ;  but  if  di-ied  bj' 
calcium  chloride,  it  may  be  kept  unaltered  for  a  much  longer  time. 
Paul  Thenard  has  shown  that  the  spontaneous  combustibility  of 
the  gas  arises' from  the  presence  of  the  vapour  of  a  liquid  hytlrogen 
phosphide,  PHg,  which  can  be  procured  in  small  quantity,  by  convey- 
ing the  gas  produced  by  the  action  of  water  on  calcium  phosphide 
through  a  tube  cooled  by  a  freezing  mixtiu-e.  This  substance  forms 
a  colourless  liquid  of  high  refractive  power  and  very  great  volatility. 
It  does  not  freeze  at  0°  F.  (-17-8°  C.)  In  contact  with  aii-  it  in- 
flames instantly,  and  its  vapour  in  very  small  quantity  communicates 
spontaneous  inflammability  to  pure  phosphoretted  hydrogen,  and  to 
an  other  combustible  gases.  It  is  decomposed  by  light  iiito  gaseous 
phosphoretted  hycbogen,  and  a  solid  phosphide,  P2H,  which  is  often 
seen  on  the  inside  of  jars  containing  gas  which,  by  exposure  to  Uglit, 
has  lost  the  property  of  spontaneous  inflammation.  Strong  acids 
occasion  its  instantaneous  decomposition.  It  is  as  unstable  as  hydro- 
gen dioxide.  It  is  to  be  observed  that  pure  phosphoretted  hydi-ogen 
gas  itself  becomes  spontaneously  inflammable  if  heated  to  the  tem- 
perature of  boiling  water. 

_  Phosphoretted  hydrogen  decomposes  several  metallic  solutions, 
giving  rise  to  precipitates  of  insoluble  phosphides.  With  hydriodic 
acid  It  forms  a  crystalline  compound,  PHJ,  somewhat  resemblino- 
sal-ammoniac. 

Compounds  of  Phosphorus  with  Chlorine. 

Phosphorus  forms  two  chlorides,  analogous  in  composition  to  the 
oxides,  the  quantities  of  chlorine  combined  with  the  same  quantity 
of  phosphorus  being  in  the  proportion  of  3  to  5. 

Phosphorus  Trichloride,  or  Phosphorous  Chloride,  PCI3,  is 
prepared  in  the  same  manner  as  stdphur  dichloride,  by  gently  heating 
phosphorus  in  dry  chlorine  gas,  the  phosphorus  being  in  excess  ;  or 
by  passing  the  vapour  of  phosphorus  over  fragments  of  calomel 
(mercuroiis  chloride)  contained  in  a  glass  tube,  and  sti-ongly  heated, 
it  is  a  thin,  colourless  liquid,  which  fumes  in  the  air,  and  lias  a 
powerful  and  offensive  odour.  Its  specific  gravity  is  1-45.  Thrown 
into  water,  it  sinks  to  the  bottom,  and  is  slowly  decomposed,  yielding 
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phosijhorous  acid  and  hydrochloric  acid  :  PCL  +  3H„0  =  3HC1  + 
H3PO3.  ' 

Phosphorus  Pentachloride,  or  Phosphoric  Chloride,  PClj,  is 
formed  when  phosphorus  is  bm-ned  in  excess  of  chlorine.  Pieces  of 
phosphorus  are  introduced  into  a  large  tubulated  retort,  which  is  then 
tilled  with  dry  chlorine  gas.  The  phosphorus  takes  fire,  and  bums 
with  a  pale  ilame,  forming  a  white  volatile  crystalline  sublimate, 
which  is  the  pentachloride.  It  may  be  obtained  in  larger  quantity 
by  passing  a  stream  of  dry  chlorine  gas  into  the  liquid  trichloride, 
which  becomes  gradually  converted  into  a  solid  crystalline  mass. 
Phosphorus  pentachloride  is  decomposed  by  water,  yielding  phos- 
phoric and  hydi-ochloric  acids  :  PCl5  +  4H20  =  5HCl  +  H3P04. 

Phosphorus  Oxychloride,  POCI3,  is  produced,  together  with 
hydrochloric  acid,  when  phosphorus  pentachloride  is  heated  -ndth  a 
c|uantity  of  water  iusufficient  to  convert  it  iato  phosphoric  acid.  It 
may  also  be  prepared  by  distilling  the  pentachloride  with  dehydrated 
oxalic  acid,  or  by  distilling  a  niixtm-e  of  phosphorus  pentachloride 
and  phosphoric  oxide,  It  is  a  coloui-less  licpiid,  of  sp.  gr,  1-7,  possess- 
ing a  very  pungent  odour,  boiling  at  110°,  readily  decomposed  by 
water  into  hycbochloric  and  phosphoric  acids. 

A  sulpliochloride  of  analogous  composition  is  produced  by  the  action 
of  hydrogen  sulphide  on  the  pentachloride.  It  is  a  colourless  oily 
liquid,  decomposed  by  water. 

Two  bromides  of  phosphorus,  w.  oxybromide,  and  a  sulphobromide, 
are  known,  corresponding  in  composition  and  properties  with  the 
chlorine  compounds,  and  obtained  by  similar  processes. 

Phosphorus  forms  also  two  iodides,  PIj  and  PI3.  Both  are  obtained 
by  dissolving  phosphorus  and  iodine  together  in  carbon  bisulphide, 
and  cooling  the  liquid  tiU.  crystals  are  deposited.  Whatever  propor- 
tions of  iodine  and  phosphorus  may  be  used,  these  two  compounds 
always  crystallise  out,  mixed  with  excess  either  of  iodine  or  of  phos- 
phorus. 

The  di-iodide  melts  at  110°,  forming  a  red  liquid  which  condenses 
to  a  light  red  solid.  The  tri-iodide  melts  at  55°,  and  crystaUises  on 
cooling  in  well-defined  prisms.  Both  ai-e  decomposed  by  water, 
yielding  hydi-iodic  and  phosphorous  acids,  the  di-iodide  also  deposit- 
ing yellow  flakes  of  phosphorus. 

Compounds  of  Phosphorus  with  Sulphur  and  Selenium. 

Sulphides. — When  ordinary  phosphorus  and  sulphur  are  heated 
together  in  the  dry  state,  or  melted  together  under  water,  combina- 
tion takes  place,  attended  with  vivid  combustion,  and  often  with  vio- 
lent explosion.  When  amorphous  phosphorus  is  used,  the  reaction 
is  not  explosive,  though  still  very  rapid. 
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Six  compoimds  of  sulphur  and  phosphorus  have  been  prepared 
containing  the  following  proportions  of  sulphur  and  phosphorus  : — 

Comi)osition  by  weight. 


Phosphorus. 

Sulpliur. 

.  31 

+ 

8 

.  31 

+ 

16 

.  31 

+ 

24 

.  31 

+ 

48 

.  31 

+ 

80 

.  31 

+ 

192 

Hemisulphide,  P^S, 
Monosulphide,  F^S, 
Sesquisulphide,  P4S3, 
Trisulphide,  P2S3, 
Pentasulphide,  PjSj, 
Dodecasulphide,  PaSjj, 

The  fourth  and  fifth  are  analogous  to  phosphorous  and  phosphoric 
oxides  respectively  ;  the  others  hare  no  hno-vvn  analogues  in  the 
oxygen  series.  They  may  all  be  formed  by  heating  the  two  bodies 
together  in  the  requii-ed  proportions  ;  but  the  trisulphide  and  penta- 
siilphide  are  more  easily  prepared  by  warming  the  monosulphide 
with  additional  proportions  of  sulphur.  Moreover,  the  two  lower 
sulphides  exhibit  isomeric  modifications,  each  being  capable  of  exist- 
ing as  a  colourless  liquid  and  as  a  red  solid. 

The  mono-,  tri-,  and  pentasulphides  of  phosphorus  imite  with 
metallic  siilphides,  forming  sulphur  salts.  The  copper  salts  have 
the  following  composition  : — 

Hyposulphophosphite,  CuS.PgS  =  CuPoS,. 
SiLLphophosphite,  CuS.PjSa  =  CuPoS,. 
Sulphophosphate,        CuS.PgSg    =  CuPgSg. 

Selenides  of  Phosphorus,  analogous  in  composition  to  the 
first,  second,  fourth,  and  fifth  of  the  sulphides  above  mentioned,  are 
produced  by  heating  ordinary  phosphorus  and  selenium  together  in 
the  required  proportions  in  a  stream  of  hydrogen  gas.  The  hemi- 
selenide  is  a  dark  yellow,  oUy,  fetid  liquid,  solidifying  at  12° ;  the 
other  compoimds  are  dark  red  solids.  The  mono-,  tri-,  and 
pentaselenides  unite  with  metallic  selenides,  forming  selenium-salts 
analogous  to  the  sulphur-salts  above  mentioned. 
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GENEEAL  LAWS  OF  CHEMICAL  COMBINATION.— 
ATOMIC  THEORY. 

Before  proceeding  furtlier  with  the  study  of  individual  compounds, 
it  is  advisable  to  enter  more  fully  into  the  consideration  of  certain 
general  laws  of  chemical  combination,  and  certain  theoretical  notions 
loimded  thereon,  a  sketch  of  which  has  already  been  given  in  the 
chapter  on  Oxygen  (pp.  123-128). 

The  laws  in  question  are :  (1.)  The  Law  of  Equivalents,  accord- 
ing to  which  the  replacement  of  elements  one  by  another  always 
takes  place  in  definite  proiDortion; — (2.)  The  Law  of  Multiples, 
accordiiig  to  which  the  several  quantities  of  an  element  A  which 
can  unite  with  a  fixed  quantity  of  another  element  B,  stand  to 
one  another,  for  the  most  part,  in  simple  numerical  proportions.  The 
observation  of  these'  laws  has  led  to  the  idea  that  the  elementary 
bodies  are  made  up  of  indivisible  particles  called  atoms,  each  having 
a  constant  weight  peculiar  to  itself;  and  that  chemical  combination 
takes  place  by  the  juxtaposition  of  these  atoms,  1  to  1,  1  to  2,  1  to  3, 
2  to  3,  &c.,  a  group  of  atoms  thus  united  beiag  called  a  molecule. 
This  is  the  atomic  hypothesis  of  Dalton. 

Equivalents. — The  equivalent  weight  of  an  elementary  body 
compared  with  that  of  hydrogen,  taken  as  unity,  may  in  many 
cases  be  determined  by  direct  substitution.  Thus,  when  a  metal 
dissolves  in  hydrochloric  or  sulphmic  acid,  the  quantity  of  the 
metal  which  takes  the  place  of  1  part  by  weight  of  hydrogen  is  its 
equivalent  weight.  In  this  manner  it  is  foimd  that  the  equivalent 
of  sodium  is  23,  of  zinc  32-6,  of  magnesium  12,  &c.  Again,  many 
organic  compoimds — acetic  acid,  for  example — are  acted  upon  by 
chlorine  and  bromine  in  such  a  manner  that  1  part  of  the  hj'^drogen 
is  removed  and  its  place  supplied  by  chlorine  or  bromine,  every  1 
part  by  weight  (gram,  ounce,  &c.)  of  hydi'ogen  thus  removed  bemg 
replaced  by  35-5  parts  of  chlorine  or  by  80  parts  of  bromine  :  these 
numbers  are  therefore  the  equivalent  weights  of  chlorine  and 
bromine. 

When  one  element  A  unites  with  each  of  a  number  of  othei-s,  B, 
C,  D,  &c.,  in  one  proportion  only,  the  quantities  of  these  latter 
which  combine  with  or  satui-ate  a  given  quantity  of  A,  are  clearly  pro- 
portional to  their  equivalent  weights.  Thus  35-5  parts  of  chlorine 
are  known  to  imite  mth  1  part  ot  hydrogen,  23  of  sodium,  39*1  of 
potassium,  32-6  of  zinc  ;  consequently  the  numbers  23,  39-1,  and 
32-6  are  the  equivalent  weights  of  sodium,  potassiiun,  and  zinc 
referred  to  hydrogen  as  unity.    In  this  manner,  the  equivalent 
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weights  of  elements  may  be  determined  without  recourse  to  direct 
substitution,  which  is  not  always  practicable. 

The  left  hand  column  of  the  following  table  contains  a  Ust  of 
those  metallic  or  basylous  elements  which  imite  in  one  proportion 
only  with  the  four  non-metamc  or  chlorous  elements  in  the  right 
hand  column,  the  numbers  opposite  to  each  element  showino-  the 
proportions  ui  which  the  combination  takes  place  (e.g  12  ma«ne- 
siiim  with  35-4  chlorine,  39-1  potassium  with  80  bromine  &c  f  or 
in  other  words,  the  equivalent  weights.  ' 


Equiv. 

Hydrogen 

1 

Beryllium 

47 

Ahuuinium 

313 

Lithium 

7 

Magnesium 

.  12 

Calcium 

20 

Sodium 

.  23 

Zinc 

32-6 

Indium 

.  37-7 

Potassium 

.  39-1 

Strontium 

43-8 

Barium 

.  68-7 

Rubidium 

.  85-4 

CiBsium 

.  133 

Fluorine 
Chlorine 
Bromine 
Iodine 


Eqviiv. 
19 

35-4 
80 
127 


These  numbers,  as  wiU  be  explained  fm-ther  on,  are  also  the  rela- 
tive quantities  of  the  several  elements  which  would  be  separated 
Irom  their  compounds  by  an  electric  current  of  given  strength  : 
thus,  if  the  same  current  were  passed  thi'ough  solutions  of  socUum 
bromide,  potassium  iodide,  and  zinc  chloride,  the  quantities  of 
sodium, potassiuni,zmc, bromine,  iodine,  and  chlorine  simultaneously 
thrtable  oneanother  in  the  proportion  of  the  numbers  in 

In  most  case.s,  however,  combination  between  two  elements  takes 
place  m  more  than  one  proportion,  and  in  such  cases  the  notion  of 
equivalent  value  becomes  less  definite  ;  in  fact,  such  elements  may 
be  said  to  have  as  many  equivalent  weights  as  there  are  ways  in  which 
they  can  combine  mth  others.    Thus,  tin  forms  two  sei4s  of  com- 

'•S'o-^'^°"^''°™P''™'^'''  ^^^^^  59  parts  of  the  metal 
unite  with  30-5  of  chlorine,  80  of  bromine,  127  of  iodine,  &c.,  and 
the  stannic  compounds,  m  which  half  that  quantity  of  tin,  viz.,  29-5 
parts  discharges  the  same  function;  tin  has  therefore  two  equivalents, 
ZZ^l^V  '^'^"^"'^  ''^^^  29-5  in  the  stannic  compounds.  In  like 
l^r.o^.S:*  ''"''^'''''''^^  '^-'^  '''' 

contahwirPnTni^r  supposed  that  the  two  classes  of  compoiuids 

S  VSnlr  ?  '  'f'f^''  '='^"'Wned  witli  tho  same  quantity  ol' a  non- 
posed  to  con  J^,!"",™*'  n  '  ^t'-^^ous  compounds,  for  example,  being  sup- 

prndslothermlinT  "'n^'^'l"'^'^?^'^^^  ''"I-  =md  the  stannic  com- 
pouncls  another  radicle  called  st  mnicum  (eq.  29  5).    This,  however,  is  a  mere 
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Atomic  Weights. — Let  us  now  compare  the  hydrogen  com- 
pounds of  chlorine,  oxygen,  nitrogen  and  carbon  with  regard  to  the 
manner  in  which  the  hych'ogen  contained  in  them  may  be  replaced 
by  other  elements.  Compare  first  hydi'ochloric  acid  and  water. 
'\Vhen  hydrochloric  acid  is  acted  upon  by  sodium,  the  toliole  of  the 
hydi'ogen  is  expelled,  and  the  chlorine  enters  into  combination  with 
an  equivalent  quantity  of  the  metal ;  thus  36-5  parts  hydrochloric 
acid  (=1  part  hydi'ogen  +  35-5  chlorine)  and  23  sodium  yield  1  part 
of  free  hydrogen  and  23  + 35-5  (  =  58"5)  sodiimi  chloride  ;  there  is  no 
such  thing  as  the  expulsion  of  part  of  the  hydrogen,  or  the  formation 
of  a  compound  containing  both  hydrogen  and  metal  in  combination 
with  the  chlorine. 

With  water,  however,  the  case  is  different.  When  sodium  is 
tlu'own  upon  water,  18  parts  of  that  compound  (  =  2  hydrogen  + 
16  oxygen)  are  decomposed,  in  such  a  manner  that  half  of  the  hydro- 
gen is  expelled  by  an  equivalent  quantity  of  sodium,  23,  and 
sodium  hydroxide  is  formed,  containing- — 

Sodium.  Hydrogen.  Oxygen. 

23-1-        1  +16 

This  compound  remains  in  the  solid  state  when  the  liquid  is 
evaporated  to  dryness  ;  and  if  it  be  further  heated  in  a  tube  with 
sodium,  the  remaming  half  of  the  hydi-ogen  is  driven  off,  and 
anhydrous  sodium-oxide  remains,  composed  of  46  parts  sodium  + 
]  6  oxygen. 

Water  differs,  therefore,  fi'om  hydrochloric  acid  in  this  respect, 
that  its  hydrogen  may  be  replaced  by  sodium  in  two  equal  portions, 
yielding  successively  a  hydroxide  and  an  anliydrous  oxide,  the  rela- 
tions of  which  to  the  original  compound  may  be  thus  repre- 
sented : — 

Water.  Sodiumhydroxlde.  Sodinmoxide. 

/  *  \      I  ^  \  /  *  \ 

Hydrogen.         Ox.     Hyd.         Sod.  Ox.  Sodium.  Ox. 

(1  +  1)    +    16     (1    +    23)    +    16     (23  +    23)   +  16. 

Regarding  these  results  in  connection  with  the  atomic  hy|3othesis 
of  the  constitution  of  bodies,  we  may  supjjose :  (1.)  That  each 
molecule  of  hydi'ochloric  acicl  is  composed  of  one  atom  of  hydro- 
gen and  one  atom  of  chlorine,  and  that  when  this  compound  is  acted 
upon  by  sodiiun,  each  molecule  is  decomposed,  its  hydj-ogen-atom 
being  clriven  out  and  replaced  by  an  atom  of  sodium:  thus — 

(H  +   CI)    and    Na    produce   (Na  +  CI)  and  H 
1         35  23  23      35-5  1 

mode  of  expression,  since,  to  take  the  two  cMorides  of  tin  for  example,  these 
two  compounds  might  just  as  well  be  supposed  to  contain  different  chlorous 
radicles  combined  with  the  same  quantity  of  tin. 
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The  weights  of  the  three  atoms  concerned  in  this  reaction  are  to 
one  another  in  the  same  proportion  as  the  equivalent  weights,  or, 
taking  the  hydi-ogen  as  the  miit  in  each  case,  we  may  say  that  the 
atomic  weights  of  sodinm  and  chlorine  are  identical  with  their 
equivalent  weights. 

_  (2.)  Each  molecule  of  water  must  be  siipposed  to  contain  two  atoms 
of  hydi-ogen :  for  if  it  contained  only  one  atom,  then  since  the  first 
action  of  the  sodiimi  is  to  expel  only  half  the  hydrogen,  it  would 
foUow  that  each  atom  of  hydrogen  would  be  split  into  two,  and  that 
each  molecule  of  sodium  hydi-oxide  woidd  contain  only  half  an  atom 
of  hycbogen ;  this,  however,  is  at  variance  with  the  fimdamental 
notion  of  atoms,  namely,  that  they  are  indivisible.  These  two  atoms 
of  hydi-ogen  are  combined  with  a  quantity  of  oxygen  weighing  16, 
which  is  therefore  the  smallest  quantity  of  oxygen  capable  of 
entering  into  the  reaction  imder  consideration: 

H     H     0    +    Na    =    H     Na     0     +  H 
1      1      16  23  1      23      16  1 

and  we  shall  hereafter  find  that  the  same  is  true  with  regard  to  all 
other  weU-defined  reactions  in  which  oxygen  takes  part.  Hence 
this  quantity  of  oxygen,  16  parts  by  weight  (hydrogen  being  the 
uuit),_  is  rega,rded  as  the  weight  of  the  atom  of  oxygen. 

This  atomic  weight  of  oxygen  is  not  equal  to  the  equivalent  weight, 
as  in  the  case  of  chlorine,  but  tivice  as  great,  8  parts  of  oxygen  being 
the  quantity  which  is  capable  of  replacing  one  part  of  hydrogen  in 
combination,  and  may  in  many  cases  be  directly  substituted  for  it, 
as  when  alcohol,  a  compound  of  12  parts  carbon,  3  hydrogen,  and  8 
oxygen,  is  oxidised  to  acetic  acid  containing  12  carbon,  2  hydrogen, 
and  16  oxygen. 

Let  us  now  consider  the  hydrogen-compound  of  nitrogen,  that 
is  to  say,  ammonia.  This  is  composed  of  1  part  of  hydrogen 
united  with  4|  or  V  of  nitrogen.  Now  in  this  compound  the 
hydrogen  is  replaceable  by  thiixls,  or  3  parts  hydrogen  with  14  parts 
nitrogen.  When  potassium  is  heated  in  ammonia  gas,  a  compound 
called  potassamine  is  formed,  in  which  one-third  of  the  hydro- 
gen is  replaced  by  potassium.  Anotlier  compoimd,  called  tri- 
potassamine,  is  also  known,  consisting  of  ammonia  in  which  the 
whole  of  the  hydrogen  is  replaced  by  an  equivalent  quantity  of 
potassium. 

There  is  also  a  large  class  of  compounds  derived  from  ammonia 
m  like  manner  by  the  replacement  of  i,  §,  or  the  whole  of  the 
hydrogen  by  equivalent  quantities  of  certain  groups  of  elements 
called  compound  radicles  (see  page  276).  Hence,  by  reasoning 
^v"  I  ^^^^  which  was  alcove  applied  to  water,  it  is  inferred 
that  the  molecule  of  ammonia  contains  3  atoms  of  hydrogen,  and 
that  the  atomic  weight  of  nitrogen  is  14.  Moreover,  in  certsiin 
organic  compounds  this  quantity  of  nitrogen  may  be  substituted 
lor  3  parts  of  hydrogen,  or  V  nitrogen  for  1  hydrogen ;  conse- 
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quently  the  atomic  weight  of  nitrogen  is  three  times  its  equivalent 
weight. 

Next  take  the  case  of  marsh  gas  or  methane,  a  compound  of  1  part 
hycbogen  with  3  parts  carbon,  or  4  of  hydi-ogen  with  12  of  carbon. 
When  this  gas  is  mixed  with  chlorine,  and  exposed  to  diffuse  day- 
light, a  new  compound  is  formed,  in  which  one-fourth  of  the  hydro- 
gen belonging  to  the  marsh  gas  is  replaced  by  an  equivalent  quantity 
ot  chlorine  ;  and  if  the  chlorine  is  in  excess,  and  the  mixture  exposed 
to  sunshine,  three  other  compounds  are  formed,  ia  which  one-l£alf, 
three-foiu-ths,  and  all  the  hydi-ogen,  are  thus  replaced.  The  results 
may  be  thus  expressed  : — 

Methane. 

Carbon.  Hydrogen. 

r-  

12    -f    1    -f    1    4-    1    -t-  1 

Chloromethane. 
Carbon.  Hydrogen.  Chlorine. 

12    +    1    -f-    1    -1-    1  •  +  35-5 

Dichloromethane. 
Carbon.  Hydrogen.  Chlorine. 

12    -t-    1     -f-    1    -f    35-5    -I-  35-5 
Triehloromethane  or  Chloroform. 

Carb.        Hyd.  Chlorine. 
12    -h     1    -f    35-5    -f    35-5    +  35-5 
Tetracliloromethane. 

Carbon.  Chlorine. 

^  .  ^  

12    +    35-5    +    35-5    +    35-5    -f  35-5 

Hence,  by  reasoning  similar  to  the  above,  it  is  inferred  that  the 
molecule  of  methane  contains  4  atoms  of  hydrogen,  and  that  the 
atomic  weight  of  carbon  is  12.  Moreover,  as  tliis  quantity  of  car- 
bon can  unite  with  4  x  35-5  parts,  or  4  atoms  of  chlorine,  it  follows 
that  the  atomic  weight  of  carbon  is  equal  to  four-  times  its  equiva- 
lent weight. 

We  have  thus  shown  in  three  cases  how  the  atomic  weight  of  an 
element  may  be  determined  by  the  proportion  in  which  equivalent 
substitution  takes  place  in  its  compounds  with  hydrogen.  Sulphur, 
seleniimi,  and  telluriimi,  form  hycbogen-compounds  exactly  analogous 
in  this  respect  to  water,  the  hydrogen  being  replaceable"  by  hah-es ; 
their  atomic  weights  arc  therefore  double  of  theii'  equivalent  weights. 
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Silicon  forms  with  chlorine  a  compound  containing  7  parts  silicon 
with  35'5  parts  chlorine  ;  and  in  this  one.-fourth  of  the  chlorine  is 
replaceable  by  hydrogen  or  by  bromine  :  hence  the  atomic  weight 
of  silicon  is,  Hke  that  of  carbon,  equal  to  four  times  the  equivalent 
weight,  its  numerical  value  being  28.  There  are  also  some  elements 
in  which  the  atomic  weight  is  equal  to  five  times,  others  in  which 
it  is  equal  to  six  times,  and  others  in  which  it  is  perhaps  equal 
to  seven  times  or  eight  times  the  equivalent  weight :  higher  ratios 
have  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary 
bodies  are  always  actually  determined  in  the  manner  above  de- 
scribed. There  are  several  other  methods  of  determining  their 
numerical  values,  as  will  be  presently  explained ;  and  the  values 
obtained  by  different  methods  do  not  always  exhibit  exact  agree- 
ment ;  but  the  atomic  weights  of  all  the  more  important  elements 
may  be  regarded  as  definitely  fixed  within  small  numerical  errors. 
The  equivalent  value  of  an  element,  or  the  ratio  of  the  equivalent 
to  the  atomic  weight,  is  also  subject  to  some  variation,  as  will  be 
presently  explained,  according  to  the  view  which  may  be  taken  of 
the  constitution  of  particular  compounds. 

The  values  of  the  atomic  weights  on  which  chemists  are  now,  for 
the  most  part,  agreed,  are  given  in  the  table  on  page  3. 

Physical  and  Chemical  Relations  of  Atomic  Weights, 

The  atomic  weights  of  the  elementary  bodies  exhibit  some  re- 
markable relations  to  their  physical  properties,  and  to  the  proportions 
in  which  they  unite  by  volume. 

1.  To  the  Specific  Heats  of  the  Elementary  Bodies.— Dulong 
and  Petit,  iu  the  course  of  their  investigations  on  sj^ecific  heat,  observed 
that,  if  the  specific  heats  of  bodies  be  computed  upon  equal  weights, 
numbers  are  obtained  all  different,  and  exhibiting  no  simple  rela- 
tions aniongst  themselves  ;  but  if,  instead  of  equal  weights, 
quantities  be  taken  in  the  proportion  of  the  atomic  weights,  the 
resulting  specific  heats  come  out  very  nearly  equal,  at  least  iu  the 
case  of  solid  and  liquid  elements,  showing  that  some  exceedingly 
intimate  connection  must  exist  between  the  relation  of  bodies  to 
heat,  and  their  chemical  nature. 

In  the  following  table,  the  solid  and  liquid  elementary  bodies  are 
arranged  in  the  order  of  their  specific  heats,  as  determined  by  Eeg- 
nault,  beginning  with  those  whose  specific  heat  is  the  greatest ;  and 
this  order,  it  will  be  observed,  is  the  inverse  of  that  of  the  atomic 
weights  in  the  third  column  :— 
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Specific  Heats  of  Mementary  Bodies. 


Elements. 


Lithium, 
Sodium, 
Aluminium,  . 

Phosphorus  j 

Sulphur,        .  ' 
Potassium, 
Iron, 
ISTickel, 
Cobalt, 
Copper, 
Zinc, 
Arsenic, 
Selenium, 
Bromine  (solid), 
Palladium, 
Silver, 
Cadmium, 
Indium, 
Tin, 

Antimony, 
Iodine, 
Tellurium, 
Gold,  . 
Platinum, 

Mercury  K^^^'^^^ 

Thallium,  T^'' 
Lead, 
Bismuth, 


(tliat  of 
Water   - 1.) 

Atomic 
Weights. 

Product  of 
At.  Weight. 

0-9408 

7 

6-59 

0-2934 

23 

\j  i  0 

0-2143 

27-4 

5-89 

0-2120 

)     „  < 

31 

)  ( 

6-';7 

yj  0  i 

0-1887 

0-2026 

32 

6"48 

0-1696 

39 

6-61 

0-1138 

56 

6-37 

0-1086 

58-8 

6-37 

0-1070 

68-8 

6-28 

0-0952 

63-4 

6-04 

0-0956 

65-2 

6-24 

0-0814 

75 

6-10 

0-0762 

79-4 

6-02 

0-0843 

80 

\j  1 0 

0-0593 

106-6 

6-31 

0-0570 

108 

6-16 

0-0567 

112 

6-35 

0-0570 

113  4 

6-46 

0-0562 

118 

6'63 

0-0508 

122 

6-19 

0-0541 

127 

6-87 

0-0474 

128 

6-06 

0-0324 

197 

6-38 

0-0311 

197-4 

6-15 

0-0319 

1    200  1 

6-38 

0-0833 

6-66 

0-0335 

204 

6-83 

0-0314 

207 

6-50 

0-0308 

210 

6-48 

A  comparison  of  the  mmiljers  in  the  fourth  column  of  this  table 
shows  that,  for  a  considerable  number  of  elementary  bodies  in  the 
solid  state,  the  siDecific  heats  are  very  nearly  j^roportional  to  the 
atomic  weights,  so  that  the  products  of  the  specific  heats  of  the 
elements  into  their  atomic  weights  give  nearly  a  constant  quantitv 
the  mean  value  being  6-4.  This  quantity  may  be  taken  to  repre- 
sent the  atomic  heat  of  the  several  elements  in  the  solid  state,  or 
the  quantity  of  heat  which  must  be  imparted  to  or  removed  from 
atomic  proportions  of  the  several  elements,  in  order  to  produce  equal 
variations  of  temperature. 

Carbon,  boron,  aud  silicon  were  formerly  regarded  as  exceptions  to 
this  law,  their  atomic  heats,  calculated  from  the  specific  heats  deter- 
mined at  ordinary  temperatures,  being  considerably  below  the  mean 
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value  of  those  of  the  other  elements,  as  shoMni  by  the  following- 
table: — 


Elements. 

Specific  Heat. 

Atomic 
Weiglits. 

Product  of 
Sp.  Heat  X 
At.  Weight. 

Boron, 
Carbon 

Silicon 

wood  charcoal,  . 
graphite,  . 
diamond,  . 
crystallised, 
fused, 

0-2500 
0-2415 
0-2008 
0-1469 
0-1774 
0-1750 

i   "  } 

}  -  i 

2-75 
2-90 
2-41 
1-76 
4-97 
4-70 

F.  Weber  has,  however,  lately  shown  *  that  the  specific  heats  of 
these  three  bodies  increase  rapidly  at  higher  temperatures,  and  that 
at  particiilar  temperatures  (about  600°  for  carbon)  they  become  con- 
stant, givmg  for  the  atomic  heats  a  mean  value  of  about  6,  which 
IS  nearly  the  same  as  that  of  other  elements  of  small  atomic 
weight,  like  aluminium  and  phosphorus,  thus : — 


Sp.  Heat.  At.  Weight.  At.  Heat. 
Silicon,        .       .       0-203          28  5-7 
Carbon,        .       .       0-467          12  5-6 
Boron,  ...       0-5             11  5-5 

The  specific  heats  and  molecular  weights  of  similarly  constituted 
compoimds  exlubit,  for  the  most  part,  the  same  relation  as  that 
\yhich  IS  observed  between  the  specific  heats  and  atomic  weiohts  of 
tne  elements.  ° 


2.  To  the  Crystalline  Forms  of  Compounds  It  is  found  that 

in  many  cases,  two  or  more  compounds  which,  from  chemical  con- 
siderations, are  supposed  to  contain  equal  numbers  of  atoms  of  their 
respective  elements,  crystaUise  in  the  same  or  in  very  similar 
loms.  Such  compounds  are  said  to  be  isomorphous.f  Thus  the 
sulphates  constituted  Hke  magnesium  sulphate,  MgS04+7H„0,  are 
isomorphous  with  the  corresponding  selenates,  MgSe04+7HoO. 

Accordingly,  these  isomorphous  relations  are  often  appealed  to 
lor  tne  purpose  of  fixing  the  constitution  of  compounds,  and  thence 
cieaucing  the  atomic  weights  of  their  elements,  in  cases  which  would 
other^vise  be  doubtful.  Thus  aluminium  forms  only  one  oxide,  viz., 
ammma,  which  is  composed  of  18-3  parts  by  weight  of  aluniiniuiu 
and  16  parts  of  oxygen.    What,  then,  is  the  atomic  weight  of 


*  Ann,  Cliim.  Phjs.  [5].  viii.  132. 
t  lo-os,  equal  ;  juopc/i)),  form. 
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aluminium  1  The  answer  to  this  question  will  depend  upon  the 
constitution  assigned  to  alumina,  whether  it  is  a  monoxide,  sesqui- 
oxide,  dioxide,  &c.    Thus  : — 


0. 

AL 

Monoxide 

.  AlO 

16 

+ 

18-3 

Sesquioxide 

.    AI2O3  = 

48 

+ 

(  27-4 
1  27-4 

Dioxide  . 

.    AIO2  = 

32 

+ 

36-6 

Trioxide  . 

.    AIO3  = 

48 

+ 

54-8 

The  numbers  in  the  last  column  of  this  table  are  the  weights 
which  must  be  assigned  to  the  atom  of  aluminium,  according  to  the 
several  modes  of  constitution  indicated  in  the  first  column ;  but 
there  is  nothing  in  the  constitution  of  the  oxide  itseK  that  can 
enable  us  to  decide  between  them.  Now,  iron  forms  two  oxides, 
in  which  the  quantities  of  oxygen  united  with  the  same  quantity 
of  iron  are  to  one  another  as  I  :  1^,  or  as  2 : 3.  These  are  therefore 
regarded  as  monoxide,  FeO,  and  sesquioxide,  FejOg,  and  this  last 
oxide  is  known  to  be  isomorphous  with  alumina.  Consequently 
almnina  is  also  regarded  as  a  sesquioxide,  AI2O3,  and  the  atomic 
weight  of  aluminium  is  inferred  to  be  27"4. 

3.  To  the  Volume-relations  of  Elements  and  Compounds. — 

The  atomic  weights  of  those  elements  which  are  known  to  exist  in  the 
state  of  gas  or  vapour  are,  with  one  or  two  exceptions,  proportional 
to  their  specific  gravities  in  the  same  state.  Taking  the  specific 
gravity  of  hydrogen  as  unity,  those  of  the  following  gases  and  vapours 
are  expressed  by  numbers  identical  with  their  atomic  weights  : — 


Hydrogen 

1 

Oxygen 

.  16 

Chlorine 

.  35'5 

Sulphur 

.  32 

Bromine 

.  80 

Selenium 

.  79 

Iodine 

.  127 

Tellurium 

.  128 

The  exceptions  to  this  rule  are  exhibited  by  phosphorus  and 
arsmic,  whose  vapour-densities  are  twice  as  great  as  their  atomic 
weights,  that  of  phosphorus  being  62,  and  that  of  arsenic  150;  and 
by  mercury  and  cadmium,  whose  vapom'-densities  are  the  halves  ' 
of  their  atomic  weights,  that  of  mercuiy  being  100,  and  that  of 
cadmium  56. 

From  these  relations,  considered  in  connection  with  above  ex- 
plained laws  of  combination  by  weight,  it  follows  that  the  volumes  of  1 
any  two  elementary  gases  wliich  make  up  a  compoimd  moleciile,  are  to  ! 
one  another  in  the  same  ratio  as  the  numbers  of  atoms  of  the  same 
elements  which  enter  into  the  compound,  excepting  in  the  case  of 
phosphorus  and  arsenic,  for  which  the  number  of  volumes  thus  i 
determined  has  to  be  halved,  and  of  mercury  and  cadmium,  for  j 
which  it  must  be  doubled;  thus —  I 
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The  molecule  HCl    contains    1  vol.  H  and  1  vol  CI 
H.,0 


z 

TT 
ti 

)) 

1 

)j 

0 

3 

)) 

H 

!> 

1 

)! 

N 

3 

H 

)) 

1 

)) 

P 

or  6 

» 

H 

)> 

1 

)) 

P 

3 

CI 

)) 

1 

)> 

As 

or  6 

CI 

JJ 

1 

)J 

As 

2 

» 

CI 

)) 

2 

)) 

Hg 

„  H3N 

))  H3P 
„  C13AS 

„  Cl^Hg 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into 
combination  be  called  the  combining  volume  of  that  element,  the 
law  of  combination  may  be  expressed  as  follows  -.—The  combining 
volumes  of  all  elementary  gases  are  equal,  excepting  those  of  xihoqilwrus 
and  arsenic,  tohich  are  only  half  those  of  the  other  elements  in  the 
gaseo  us  state,  and  those  of  mercury  and  cadmium,  ivhich  are  double 
those  of  the  other  demerits. 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous 
elements  combine  together  may  be  expressed  by  very  simple 
numbers.  This  is  the  "  Law  of  Volumes,"  first  observed 'by  Hum- 
boldt and  Gay-Lussac  in  1805,  with  regard  to  the  combination  of 
oxygen  and  hydi-ogen,  and  afterwards  established  ra  other  cases  by 
Gay-Lussac,  whose  observations,  published  in  his  "Theory  of 
Volumes,"  afforded  new  and  independent  evidence  of  the  combina- 
tion of  bodies  in  definite  and  multiple  proportions,  in  corroboration 
of  that  derived  from  the  previously  observed  proportions  of  com- 
bination by  weight. 

Gay-Lussac  likewise  observed  that  the  product  of  the  union  of 
two  gases,  when  itself  a  gas,  sometimes  retains  the  original  volume 
of  Its  constituents,  no  contraction  or  change  of  volume  resulting 
from  the  combination,  but  that  when  contraction  takes  place,  which 
IS  the  most  common  case,  the  vohune  of  the  compound  gas  always 
bears  a  smiple  ratio  to  the  volimies  of  its  elements:  and  subsequent 
observation,  extended  over  a  very  large  number  of  compounds 
organic  as  well  as  inorganic,  has  shown  that,  with  a  few  exceptions, 
probably  only  apparent,  the  molecules  of  compound  bodies  in  the  gaseous 
state  occupy  tmce  the  volume  of  an  atom  of  hydrogen  gas.  No  matter 
what  may  be  the  number  of  atoms  or  volumes  that  enter  into  the 
compound,  they  all  become  condensed  into  two  volumes  ;  thus— - 

1  vol.  H  and  1  vol.  CI  form  2  vol.  HCl,   hydi-ochloric  acid. 

1  M    N  ,,   1        0    ,,    2  ,,    NO,    nitrogen  dioxide. 

2  ..    H  „   1  „    0    „    2   „    H,0,  water. 

•i  "    S  "  I  "         "    ^   "  ammonia. 

H,,  P  2,,    H3P,  hydrogen  phosphide. 

Similarly  in  the  union  of  compound  gases,  e.g., 

1  vol.  ethyl,    C,TI„  and  1  vol.  CI.  form  2  vol.  C„H„C1,  ethyl  chloride. 
9   "   7^^  '    r^u'"  >'    1   „    0      „    2   „  (Q,Y[,\0,  ethyl  oxide. 

2  "  ettnl:'  p'h  "  "  ^  "  '■  2  "  ethene  chloride. 
I  „  etheue,  CjH,,  „   1   „   0      „    2   „    C^H^O,    ethene  oxide. 
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It  will  presently  be  shown,  as  at  least  Lighly  probable,  that  the 
molecule  of  an  elementary  gas  in  the  free  state  is  made  up  of  two 
atoms,  HH  for  example.  The  law  just  enuu elated  may  therefore  be 
generalised  as  follows.  Hie  molecules  of  all  gases,  simple  or  compound, 
occupy  equal  volumes ;  or,  equal  volumes  of  all  gases  contain  equal  num- 
bers  of  molecules. 

_  This  is  called  the  "  Law  of  A  vogadro,"  ha^dng  been  first  enun- 
ciated (in  1811)  by  an  Italian  physicist  of  that  name.  It  is  quite  in 
accordance  with  the  observed  fact  that  aU  perfect  gases,  simple  and 
compound,  are  equally  affected  by  equal  variations  of  pressui-e  and 
temperature  ;  ancl  indeed  it  may  be  shown,  by  mathematical  reason- 
ing, to  follow  as  a  necessary  consequence  from  the  physical  constitu- 
tion of  gases  as  explained  in  coimection  with  the  dynamical  theory 
of  heat  (pp.  65-69) :  but  the  demonstration  is  not  of  a  nature  adapted 
for  an  elementary  book.  The  law  may,  however,  be  considered  as 
completely  established  by  the  relations  between  the  combining  pro- 
portions of  the  elements  by  weight  and  by  volume  as  already  ex- 
plained, and  it  is  now  regarded  as  affording  the  surest  method  of  fixing 
the  molecular  constitution  of  all  compounds  that  can  be  obtained  in 
the  gaseous  state,  and  the  atomic  weights  of  the  elements  contained 
in  them. 

Suppose,  for  example,  it  were  required  to  determine  the  atomic 
weight  of  tin.  This  metal  forms  a  volatile  chloride  (stannic  chloride), 
in  which  29-5  parts  by  weight  of  tin  are  combined  with  35'5  parts 
of  chlorine  :  29-5  is  therefore  the  equivalent  of  tin  in  this  compoimd. 
Now  the  vapour-density  of  this  chloride,  or  the  weight  of  one 
volume  referred  to  hydrogen  as  unity,  is  135 ;  consequently  the 
weight  of  two  volumes  of  the  vapour  is  270,  and  this  contains  118 
parts  of  tia  and  4x35'5  or  142  of  chlorine;  and  as  this  appears  to 
be  the  chloride  containing  the  largest  proportion  of  chlorine,  or  the 
smallest  proportion  of  tin,  it  is  regarded  as  a  compound  of  4  atoms 
of  chlorine  and  1  atom  of  tin,  and  the  atomic  weight  of  tin  is  thus 
found  to  be  118. 

When  an  element  does  not  form  any  volatile  compounds  whose 
vapour-densities  can  be  exactly  ascertained,  its  atomic  weight  may 
be  determined  by  its  specific  heat,  according  to  the  law  of  Dulong 
and  Petit  (jD.  247),  or  by  its  isomorphous  relations  with  other  elements, 
as  already  explained  in  the  case  of  aluminium.  To  give  an  instance 
of  the  determination  of  the  atomic  weight  of  an  element  according 
to  its  specific  heat,  we  may  take  the  case  of  indium  This  metal 
forms  a  chloride  containing  35-5  parts  of  chlorine  and  37 '8  parts  of 
indiimi,  which  latter  number  is  therefore  the  equivalent  M"eiglit  of 
the  metaL  Now  when  indium  was  iirst  discovered  (in  1863),  this 
chloride  was,  for  reasons  wliich  need  not  here  be  specified,  regarded 
as  a  dichloride,  InClj,  and  consequently  the  atomic  weight  of  indium 
was  supposed  to  be  75-6.  Subseqitently,  however,  Bunsen  showed 
that  the  specific  heat  of  indimn,  referred  to  the  unit  of  weight,  is 
,0'057,  and  this  number  multiplied  by  75"6  gives  for  the  atomic  heat 
the  number  4'5,  which  does  not  agree  with  the  law  of  Dulong  and 
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Petit;  but  if  the  chloride  be  regarded  as  a  tricliloride,  MClg, 
making  the  atomic  weight  of  the  metal  equal  to  three  times  ita 
equivalent  weight,  or  113-4,  the  atomic  heat  becomes  6-15,  which 
agrees  veiy  nearly  with  the  general  law.  This  number  113-4  is 
therefore  now  adopted  as  the  atomic  weight  of  indium. 


Specific  or  A  tannic  Volume. 

These  terms  denote  the  quotient  obtained  by  dividing  the  mole- 
ciilar  weight  of  a  body  by  its  specific  gravity.  Now  from  the  law 
of  condensation  in  the  combination  of  gases  above  detailed  (p.  251)  it 
follows  that  the  specific  gravity  of  any  compound  gas  or  vapour,  re- 
fenyd  to  hydrogen  as  'miity,_  is  equal  to  half  its  atomic  or  molecular 
weight :  hence  also,  the  qjecific  volumes  of  compiound  gases  or  vapours 
referred  to  that  of  hydrogen  as  unity  are,  with  a  feiv  excep)tions,  equal 
to2._  It  will  presently  be  shown  that  the  same  law  a^Dplies  to  the 
specific  volmnes  of  the  elementary  gases  themselves. 

Some  compoimds,  however,  exhibit  a  departure  from  this  rule, 
their  observed  specific  gravities  being  equal  to  only  one-fourth  their 
molecular  weights,  or  their  molecules  occupying  four  times  the 
volume  of  an  atom  of  hydrogen.  Such  is  the  case  mth  sal- 
ammoniac,  NH4CI,  phosphorus  pentachloride,  PClg,  sulphuric  acid, 
H2SO4,  ammonium  hydrosulphide  (NH4)SH,  and  a  few  others. 
This  anomaly  is  probably  due,  in  some  cases  at  least,  to  a  decom- 
position or  ''dissociation"  of  the  compound  at  the  high  temperature 
to  which  it  is  subjected  for  the  determmation  of  its  vapour-density; 
NH^Cl,  for  example,  splitting  up  into  NH3  and  HCl,  each  of  which 
occiipies  two  volumes,  and  the  whole  therefore  four  volumes ;  and 
in  like  manner  HgSO^  may  be  supposed  to  separate  into  H„0  and 
SO3;  PCI5  into  PCI3  and  C\  ■  (NHJSH  into  NH,  and  H,S,  &c. 

On  the  other  hand,  some  substances,  both  simple  and  compound, 
exhibit,  at  temperatures  not  far  above  their  boiling  points,  vapour- 
densities  considerably  greater  than  they  should  have  according  to 
the  general  law,  whereas  when  raised  to  higher  temperatures  they 
exhibit  normal  vapour-densities.  Thus  sulphur,  which  boils  at 
440°,  exhibits  at  1000°,  like  elementary  gases  in  general,  a  vapour- 
density  equal  to  its  atomic  weight,  viz.,  32';  but  at  500°  its  vapour- 
density  is  nearly  three  times  as  great.  Again,  acetic  acid,  CoH.O,, 
whose  molecular  weight  is  24  4-4  4-16  =  60,  has,  at  temperatm-e's 
considerably  above  its  boiling  point,  a  vapour-density  nearly  equal 
to  30;  but  at  125°  (8  degrees  above  its  boiling  point),  its  vapoui-- 
density  is  rather  more  than  45,  or  1^  times  as  great.  This  anomalous 
increase  of  vapour-density  appears  to  take  place  when  the  substance 
approaches  its  liquefying  point,  at  which  also  it  exliibits  irregu- 
larities m  Its  rate  of  expansion  and  contraction  by  variations  of 
pressure  and  temperature— at  which,  in  short,  it  begins  to  behave 
Itself  like  a  liquid  ;  but  at  higher  temperatures  it  exhibits  the 
physical  characters  of  a  perfect  gas,  and  then  also  its  specific  gravitv 
becomes  normal. 
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Specific  Volumes  of  Liquids  and  Solids.—The  following  table 
exhibits  tlie  specific  volumes  of  those  solid  and  liquid  elements 
whose  specific  gravities  have  been  determined  with  sufficient 
accuracy.  The  elements  are  arranged  in  the  order  of  their  specific 
volumes,  beginning  with  the  smallest. 


Specific  Volumes  of  Solid  and  Liquid  Elements. 


Atomic 

Specific 
vTi  iivii<y. 

Specific 
\  oluin6. 

Atomic 
Weight 

Specific 
Gravity. 

Specific 
Volume. 

Carbon,  as 



12 

3'52 

!■!  0 

1  /(  -Q 

i4  0 

Beryllium, 

9'4 

2-1 

4-4 

Sulpbur,  ItI' 

Carbon,  as 

on  P  fl"}  f 

9*07 

cjTctpJiite,  . 

12 

2-3 

5-2 

lllulUul, 

llo  i 

7  'A 
1  4 

iO  6 

l^ickel,  ,  . 

58-8 

8-6 

6-8 

J.  llUoUUUX  Uo, 

Manganese, 

55 

8-03 

6-85 

15-8 

Cobalt,  . 

58 '8 

8-50 

7-0 

oiupnur, 

Iron, 

56 

7-S 

7-9 

viQuocliuiCj 

32 

T  -QG 

16-2 

^^yj  yj  yjy^L  y  ■ 

63'4 

0  tj  0 

7.9 

1  m,  , 

lio 

^.Q 

lb  i 

Cliromium, 

62-2 

7-01 

7-4 

ft  ol  av\  111  I'vi 

ocicuium. 

Indium, 

198 

21-8 

9-1 

7Q  -A 

^  oU 

io  4 

Platinum,  . 

197-4 

21-5 

9-2 

1-^  ri  nc3T>  11  niiii  ci 

1  nuopuurus. 

Zinc, 

65-2 

7-1 

9-2 

^1 

ox 

T  ft  -Q 
10  0 

Palladium,  . 

106-6 

11-8 

9-2 

Antimony,  . 

122 

6-7 

18-2 

Eliodium,  . 

104-4 

11-0 

9-4 

Lead, 

207 

11-33 

18-3 

Silver,   .  . 

108 

10-5 

10-2 

Selenium, 

Gold,     .  . 

199 

19-34 

10-2 

amorpJwus, 

79-4 

4-28 

18-4 

Aluminium, 

27-4 

2-67 

10-26 

Tellurium,  . 

128 

6-2 

20-6 

Molybde- 

Bismuth, . 

210 

9-8 

21-2 

num,   .  . 

96 

8-6 

11-1 

Sodium, 

23 

0-97 

23-7 
25 

Sdicon,  gra- 

Calcium, 

40 

1-58 

pMto'idal, 

28 

2-5 

11-2 

Iodine,  .  . 

127 

4-95 

25-7 

Lithium,  . 

7 

0-59 

11-9 

Bromine, 

Cadmium,  . 

112 

8-7 

13-0 

liquid, 

80 

3-19 

25-8 

Uranium,  . 

240 

18-4 

13-2 

Chlorine, 

Arsenic, 

75 

5-63 

13-3 

liquid, 

35-5 

1-33 

26-7 

Magnesi- 

Strontium, 

87-6 

2-54 

34-4 

um,     .  . 

24 

1-74 

13-8 

Potassium,  . 

39-1 

0-86 

45-6 

The  numbers  in  the  third  column  of  this  table  do  not  exhibit  the 
simplicity  of  relation  which  exists  between  the  specific  volumes  of 
gaseous  bodies.  There  are,  indeed,  several  causes  which  interfere 
with  the  existence,  or  at  least  with  the  observation,  of  such  simple 
relations  between  the  specific  volumes  of  solid  and  liquid  elements. 
In  the  first  place,  the  densities  of  tliree  of  them,  -viz.,  mercury,  bro- 
mine, and  chlorine,  are  such  as  belong  to  them  in  the  liquid  state, 
whereas  the  densities  assigned  to  all  the  othei-s  have  been  determined 
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in  the  solid  state.     In  solids,  moreover,  the  density  is  greatly 
alfected  by  the  state  of  aggregation,  whether  crystalline  or  amor- 
phous, and  in  dimorphous  bodies,  each  form  has  a  density  peculiar 
to  itself.    Fm-ther,  as  solids  and  liquids  ai-e  variously  affected  by 
heat,  each  haying  a  peculiar  rate  of  expansion,  and  that  rate  beinc-' 
diflerent  at  cUflerent  temperatures,  it  is  not  to  be  expected  that  their 
specific  volumes  should  exhibit  simple  relations,  unless  they  are 
compared  at  temperatures  at  which  they  are  similarly  affected  by 
heat.    Even  gases  are  foimd  to  exhibit  abnormal  specific  volumes  if 
compared  at  temperatures  too  near  the  points  at  which  they  pass 
into  the  liqiud  state.    In  liquids,  the  simplest  relations  of  specific 
volimie  are  found  at  those  temperatures  for  which  the  tensions  of 
the  vapoiu-s  are  equal  (Kopp);  and  in  solids,  the  melting  points 
ai'e  most  probably  the  comparable  temperatures.    Now  the  specific 
gravities  of  most  of  the  solid  elements  in  the  preceding  table  have 
been  determined  at  mean  temperatures  (as  at  15°-5),  which,  in  the 
case  of  potassimn,  sodium,  phosphorus,  and  a  few  others,  do  not 
differ  greatly  from  the  melting  points,  but  in  other  cases,  as  with 
gold,  platinirm,  iron,  &c.,  are  removed  from  the  melting  points  by 
very  long  iatervals.    In  spite,  however,  of  these  causes  of  divergence, 
the  specific  volumes  of  certain  analogous  elements  are  very  nearly 
equal  to  each  other :  viz.,  those  of  selenium  and  sulphur ;  of  chi-omimn, 
iron,  cobalt,  copper,  manganese,  and  nickel ;  of  molybdenmn  and 
timgsten ;  of  iridium,  platinum,  palladium,  and  rhodium ;  and  of 
gold  and  silver. 

S^Mcific  Volumes  of  Solid  and  Liquid  Compounds.  The  most 
general  relation  that  has  been  observed  between  the  specific  volumes 
of  solid  compoimds,  is  that  isomorphous  compounds  have  equal  specific 
volumes,  in  other  words,  that  their  densities  are  proportional  to  their 
molecular  weights :  such  is  the  case,  for  example,  with  the  native 
carbonates  of  strontium  (strontianite)  and  of  lead  (oerussite) : 

Formula.  Molecular  Specigo  Specific 

weight,  grayity.  volume. 

SrCOg  147-6  3-60  41-0 

PbCOg  267  6-47  41-3 

If  the  crystalline  forms  are  only  approximately  similar,  the  specific 
volumes  also  are  only  approximately  equal,  the  diflerence  being  less 
as  1;he  angles  of  the  two  crystalline  forms  are  more  nearly  equal  and 
then-  axis  more  nearly  in  the  same  ratio.  In  dimorphous  compounds, 
each  modification  has  a  density,  and  therefore  a  specific  volume, 
peculiar  to  itself. 

The  hydrated  sulphates  of  magnesium,  zinc,  nickel,  cobalt,  and 
iron,  wliich  have  the  general  formula,  M"S04  +  7H20  (M"  denot- 
ing a  bivalent  metal:  see  next  page),  and  crystallise  in  similar 
torms,  have  specific  volumes  very  nearly  equal  to  146;  the  doulde 
sulphates  isomorphous  with  potassio-cupric  sulphate,  KgCuCSOJo 
-f-oHgU,  have  specific  volumes  ranging  between  198  and  216;  and 
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the  alums,  e.g.,  KAi(S04)2+12H20  have  specific  volumes  ranging 
between  276  and  281. 

The  specific  volimies  of  liquid  compounds  have  been  studied 
chiefly  with  relation  to  organic  compounds.  The  most  general 
relation  observed  is  that :  Differences  of  specific  volwme  are  in  numerov^s 
instances  proportional  to  the  differences  between  the  corresponding 
chemical  formulce.  Thus  liquids  whose  formidse  differ  by  wCHg 
differ  in  specific  volume  by  n  times  22 ;  for  example,  methyl 
formate  CH3.CIIO2,  and  ethyl  butyrate  C2H5.C4H7O2,  which  differ 
by  4CH2,  have  specific  volumes  differing  by  nearly  4  X  22. 

Atomicity,  Quantivalence. 

We  have  seen  that  the  atomic  weight  of  an  element  is  in  some 
cases  equal  to  its  equivalent  weight,  in  others,  twice,  three  times, 
four  times,  &c.,  as  great  as  the  equivalent  weight ;  ia  other  words, 
an  atom  of  certain  elements  can  replace  or  be  substituted  for  only 
one  atom  of  hydrogen,  whereas  the  atoms  of  other  elements  can  re- 
place, 1,  2,  3,  4,  &c.,  atoms  of  hydrogen..  Thus,  when  sodium  dis- 
solves in  hydrochloric  acid,  each  atom  of  sodium  replaces  1  atoni  of 
hydrogen ;  but  when  ziac  dissolves  in  the  same  acid,  each  atom  of 
zinc  takes  the  place  of  2  atoms  of  hydrogen :  thus 

Na  +  HCl  =  NaCl  +  H 
Zn    +  2HC1    -   ZnClg    +  H2 

Here  it  is  seen  that  an  atom  of  zinc  is  equal  iu  combining,  or  saturat- 
ing power  to  2  atoms  of  hydi'ogen.  In  like  manner,  antimony 
and  bismuth  form  trichlorides,  .AICI3  and  BiClg,  in  which  the  atom 
of  the  metal  performs  the  same  chemical  function  as  3  atoms  of 
hydrogen,  that  is  to  say,  it  saturates  3  atoms  of  chlorine ;  so  also 
tin  in  the  tetrachloride  is  equivalent  to  4H,  and  phosphorus  ia  the 
pentachloride,  PCI5,  to  5H. 

This  difference  of  equivalent,  combining  or  saturating  power,  is 
called  quantivalence  or  atomicity,  and  is  sometimes  denoted 
by  placing  dashes  or  Eoman  numerals  to  the  right  of  the  symbol  of  an 
element,  and  at  the  top,  as  0",  B'",  C',  &c. ;  and  the  several  elements 
are  designated  as — 

tTnivalent  elements,  or  Monads,  as  H 
Bivalent  „  Dyads,     ,,  0" 

Trivalent         „  Triads,     ,,  B'" 

Quadrivalent    ,,  Tetrads,  ,,  C' 

Quinquivalent  ,,  Pentads,  ,,  P' 

Sexvalent  Hexads,  ,,  W 

Elements  of  even  equivalency,  viz.,  the  dyads,  tetrads,  and  hexads, 
are  also  included  under  the  general  term  artiads,*  and  those  of 

*  AjOTios,  even. 
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uneven  equivalency,  viz.,  the  monads,  triadi?,  and  pentads,  are  desig- 
nated generally  as  perissads.  * 

Anotlier  method  of  indicating  the  equivalent  values  of  the 
elementary  atoms,  and  the  manner  in  which  they  are  satisfied  hy 
combination,  is  to  arrange  the  symbols  in  diagrams  in  which  each 
element  is  connected  with  others  by  a  number  of  lines,  or  connect- 
ing bonds  corresponding  with  its  degree  of  equivalence  ;  a  monad 
being  connected  with  other  elements  by  only  one  such  bond,  a  triad 
by  thi-ee,  a  hexad  by  sLx,  &c.,  as  in  the  following  examples  ':  

Water, -HgO  H— 0— H 

Carbon  dioxide,  COj       .       .       .  0=C=0 

CI 

H        I  H 
Ammonium  chloride,  NH.Cl   .       .  N< 


0 

Sulphuric  oxide,  SO3       .       .  S=0 

II 
0 

0 

Sulphuric  acid,  HgSO^     .       .       H— 0— S— 0— H 

II 
0 

0 

Xitric  acid,  HNOj  ....  N  0— H 

II 

0 

0  0 

Zinc  nitrate,  ZnNgOe      •       •       N— 0— Zn— 0— N 

11  'I 
0  O 

It  must  be  distinctly  understood  that  these  formulaj— which  are 
called  graphic,  structural,  or  constitutional  formula— are 
not  mtended  to  represent  the  actual  arrangement  of  the  atoms  in  a 
compounrl ;  mdeed,  even  if  we  had  a  distinct  notion  of  the  manner 
in  Which  the  atoms  of  any  compound  are  arranged,  it  could  not  be 
adequately  represented  on  a  plane  surface.    The  Unes  connecting 

*  Htptrra-oi,  uneven. 
FOVfSEH  —  VOL.  I.  '„ 
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the  different  atoms  indicate  nothing  more  than  the  number  of  units 
of  equivalency  belonging  to  the  several  atoms,  and  the  manner  in 
which  they  are  disposed  of  by  combination  with  those  of  other 
atoms.  Thus  the  formula  for  nitric  acid  indicates  that  two  of  the 
three  constituent  oxygen-atoms  are  combined  with  the  nitrogen 
alone,  and  are  consequently  attached  to  that  element  by  both  their 
units  of  equivalency,  whereas  the  third  oxygen-atom  is  combined 
both  with  nitrogen  and  with  hydrogen.* 

By  inspection  of  the  preceding  diagrams,  it  will  be  observed  that 
every  atom  of  a  compound  has  each  of  its  units  of  equivalency 
satisfied  by  combination  with  a  rmit  belonging  to  some  other  atom. 
Such,  indeed,  is  the  case  in  every  saturated  or  normal  compound. 
Accordingly,  it  is  foimd  that  in  all  such  compounds  the  sum  of  the 
perissad  elements  is  always  an  even  number.  Thus  a  compound 
may  contain  two,  four,  six,  &c.,  monad  atoms,  as  CIH,  OH,,  CH^, 
CgHg,  CgHg,  SiHgCl ;  or  one  monad  and  one  triad  atom,  as  BCI3 ;  or 
one  pentad  and  five  monads,  as  NH4CI;  but  never  an  uneven 
number  of  perissad  atoms.  This  is  the  "  law  of  even  numbers," 
announced  some  years  ago  by  Gerhardt  and  Laurent  as  a  result  of 
observation.  It  was  long  received  with  doubt,  but  has  now  been 
confirmed  by  the  analysis  of  so  many  well-defined  comjDoimds,  that 
a  departure  fi'om  it  is  looked  uj)on  as  a  siu?e  indication  of  incorrect 
analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist 
in  the  free  state,  but,  when  separated  from  aay  compound,  tend  to 
combine  with  other  atoms,  either  of  the  same  or  of  some  other 
element.  Perissad  elements,  like  hydrogen,  chlorine,  nitrogen 
&c.,  separate  fi'om  their  compounds  in  pairs  ;  their  molecule  con- 
taias  two  atoms,  e.g.,  H — H.  Artiad  elements  may  imite  in 
groups  of  two,  three,  or  more ;  thus  the  molecrQe  of  oxygen,  m  its 
ordinary  state,  probably  contaius  two  atoms,  that  of  ozone  three 
atoms;  thus — 

.  Oxygen,  0=0 

Ozone,  0—0 


■  The  tendency  of  elementary  atoms  to  separate  in  groups  is  shoMH 
in  various  ways.    Thus  when  copper  hydride,  CU2H2  (to  be  here- 

*  For  lecture  and  class  illustration,  solid  diagrams  are  constructed,  wtli 
wooden  baUs  of  various  colours,  to  represent  tlie  atoms,  having  holes  for  the 
insertion  of  connecting  rods  ;  these  representations  are  called  glyptic  forimdce. 
Objection  is  sometimes  made  to  the  use  of  such  illusti-ations,  on  the  gi'ound 
that  they  might  lead  the  pupils  to  imagine  tliat  the  atoms  forming  a  molecule 
are  actually  connected  together  by  material  bonds.  As  well  might  objection 
be  taken  to  the  use  of  an  artificial  globe  in  teaching  geography  and  astronomy, 
lest  the  student  should  acquire  curious  notions  about  the  brazen  meridian  and 
the  wooden  horizon. 
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after  described),  is  decomposed  by  hydi-ocliloric  acid,  a  quantity  of 
liydrogcu  is  oiven  off  ecxual  to  twice  that  which  is  contained  in '  the 
hy chide  itsell';  thus — 

Cu^Hg  +  2HC1  =  CU2CI2  +  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on 
cuprous  oxide : 

CU2O  +  2HC1  =  CU2CI2  +  H2O. 

In  the  latter  case,  the  hydi-ogen  separated  from  the  hydrochloric 
acid  imites  \\dth  oxygen,  in  the  former  %vith  hydi-ogen.  Again, 
when  solutions  of  sulphm-ous  acid  and  siUphydric  acid  are  mixed, 
the  whole  of  the  sulphur  is  j^recipitated  : 

H2SO3  +  2H2S  =  3H2O  +  S.S2, 

the  action  being  similar  to  that  of  sulphurous  acid  on  selenhydric 
acid : 

H2SO3  +  2H2Se  =  3H2O  +  S.Se2. 

In  the  one  case,  a  sulphide  of  selenium  is  precipitated ;  in  the 
other  a  sulphide  of  sulphm\  The  precipitation  of  iodine,  which 
takes  place  on  mixing  hydriodic  acid  with  iodic  acid,  affords  a 
similar  instance  of  the  combination  of  homogeneous  atoms ; 

5HI    +    HIO3    =    3H2O    +  311 
Hydriodic  aoid.      Iodic  acid.         Water.  Fi-ee  iodine. 

Ajiother  striking  illustration  of  this  mode  of  action  is  afforded  by 
the  redaction  of  certain  metallic  oxides  by  hydrogen  dioxide. 
Wlien  silver  oxide  is  thrown  into  this  liquid,  water  is  foi-med,  the 
silver  is  reduced  to  the  metalhc  state,  and  a  quantity  of  oxygen  is 
evolved  equal  to  twice  that  which  is  contained  in  the  silver  oxide : 

AggO  +  H2O2  =  H2O  +  Ag2  +  00. 

Further,  elementary  bodies  frequently  act  upon  others  as  if  their 
atoms  were  associated  in  binary  groups.  Thus  chlorine  acting  upon 
potassium  oxide  forms  two  compounds,  the  chloride  and  hypochlorite 
ot  pota.ssium  (p.  193) : 

ClCl  +  KKO  =  KCl  +  KCIO. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds, 
one  atom  of  chlorine  removes  one  atom  of  hydrogen  as  hydro- 
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cliloric  acid,  while  another  atom  of  chlorine  takes  the  place  of  the 
hydi'ogen  thus  removed.  For  example,  in  the  formation  of  chlor- 
acetic  acid  by  the  action  of  chlorine  on  acetic  acid : 

CaH.Og    +    ClCl    =    HCl    +  CoHgClOa 

Acetic  acid.  Clilorucetic  acid. 

Similarly,  when  metallic  sulphides  oxidise  in  the  air,  both  the 
metal  and  the  sulphur  combine  with  oxygen ;  and  sulphur  acting 
upon  potash  forms  both  a  sulphide  and  a  thiosulphate.  In  all 
these  cases  the  atoms  of  the  elementary  bodies  act  in  pairs. 

On  the  supposition  that  the  molecules  of  elementary  bodies  in 
the  gaseous  state  are  made  up  of  two  atoms,  the  specific  volumes 
of  these  gases  will  come  under  the  same  law  as  that  which  applies 
to  compounds  (p.  253) :  and  it  may  then  be  stated  generally,  that, 
with  the  few  exceptions  already  noticed,  the  specific  gravities  of  all 
bodies,  simple  and  compound,  in  thejgaseous  state,  are  equal  to  ludf 
their  molecular  weights ;  or  the  specific  volumes  (the  quotients  of  the 
molecular  weights  by  the  specific  gravities)  are  eqihol  to  2. 

There  are,  however,  two  elements,  namely,  phosphorus  and 
arsenic,  which  at  aU  temperatures  hitherto  attauied  exhibit  a 
vapour-density  twice  as  great  as  that  which  they  should  have 
according  to  the  general  law,  that  of  phosphorus  behig  always  62, 
and  that  of  arsenic.  150.  This  has  been  explained  by  supposing 
that  the  molecule  of  each  of  these  two  elements  in  the  free  state 
contains  four-  atoms  instead  of  two,  as  is  the  case  with  most 
elementary  bodies;  thus  the  molecule  of  phosphorus  is  supposed 
to  be  represented  by  the  formula, 

P=P 

Variation  of  jE'g'tam?e7icy.— Multivalent  elements  often  exhibit 
varying  degrees  of  equivalency.  Thus  carbon,  which  is  quad- 
rivalent m  .marsh  gas,  CH^,  and  in  carbon  dioxide,  CO.^.,  is  oulv 
bivalent  in  carbon  monoxide,  CO ;  nitrogen,  which  is  quinquivalent 
in  sal-ammoniac,  NH.Cl,  and  the  other  ammonium  salts,  and  in 
nitrogen  peutoxide,  NgOg,  is  trivalent  in  ammonia,  NHg,  and  in 
nitrogen  trioxide,  NgOg,  and  univalent  iu  nitrogen  monoxide  N2O  ; 
sulphur,  also,  which  is  sexvalent  in  sulphur  trioxide,  SO,,  is 
quadrivalent  in  sulphiu"  dioxide,  SO2,  and  bivalent  in  hydroiren 
sulphide,  HgS,  and  in  many  metaUic"  sulphides.  In  tliese  cases, 
and  in  others  of  varying  equivalency,  the  vai-iation  mostly  ttikes 
place  by  two  units  of  equivalency.  It  is  not  very  easy  to  account 
for  these  variations;  but  it  is  observed  in  all  cases  that  the 
compoimds  in  which  the  equivalency  of  a  polygenic  element  is 
most  completely  satisfied  are  more  stable  than  the  others,  and 
that  the  latter  tend  to  pass  into  the  former  by  taking  up  the 
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requii-ed  number  of  univalent  or  bivalent  atoms;  thus,  carbon 
monoxide,  CO,  easUy  takes  up  another  atom  of  oxygen  to  form 
the  dioxide,  CO^ ;  nitrogen  trioxide,  NgOg,  is  readily  converted  into 
tlie  ijentoxide,  N0O5 ;  ammonia,  NH3,  unites  readily  with  hydro- 
chloric acid  to  form  sal-ammoniac,  NH4CI,  &c.  Similar  pheno- 
mena are  exhibited  by  many  organo-metallic  bodies,  as  wiU  be 
explained  fui'ther  on. 

From  this  it  seems  most  probable  that  the  true  quantivalence 
or  atomicity  of  a  polygenic  element  is  that  which  corresponds  with  the 
maximiuu  number  of  monad  atoms  with  which  it  can  combine,  but 
that  one  or  two  pairs  of  its  units  of  equivalency  may,  under'  cer- 
tain cii'cumstances,  remain  imsatiu'ated.  Whether  a  saturated  or 
an  unsatm-ated  compound  is  formed,  will  depend  on  a  variety  of 
conditions,  often  in  great  measure  on  the  relative  quantities  of 
the  acting  substances.  Thus  phosphorus,  wliich  is  a  pentad 
element,  iorms  with  chlorine  either  a  trichloride,  PCI3,  or  a  penta- 
chloride,  PCI3,  according  as  the  phosphorus  or  the  chlorine  is  in 
excess  (p.  240).* 

In  compoimds  containing  two  or  more  atoms  of  the  same  multi- 
valent element,  one  or  more  units  of  equivalence  belongiug  to  each 
ol  these  atoms  may  be  neutralised  by  combination  with  those  of 
another  atom  of  the  same  kind,  so  that  the  element  in  question  will 
appear  to  enter  into  the  compound  with  less  than  its  normal  deo-ree 
ol  eqmvalence.  Thus  in  ethane,  or  dimethyl,  C^B.^,  which  is  a  per- 
lectly  stable  compound,  having  no  tendency  to  take  up  an  additional 
niunber  of  atoms  of  hycbogen  or  any  other  element,  the  carbon 
appears  to  be  trivalent  instead  of  quadiivalent;  similarly  in  propane, 
v  V^^'^'l^J^'^a.lence  appears  to  be  reduced  to  f ;  and  in  quartane 
or  diethyl,  C^Hjo,  to  i  In  all  these  cases,  however,  the  diminution 
ol  equivalent  value  m  the  carbon  atoms  is  only  apparent,  as  may  be 
seen  from  the  following  formulas ;  ±        >  j 

Propane.  Quaitane. 

H  H  H 

H-C-H  H-C-H  H-C-H 

H-C-H  •    H-C-H  H-i-H 

H  H-C-H  H-C-H 

H  H— C— H 

I 

H 

or,  more  shortly,  omitting  the  equivalent  marks  of  the  monad 
atoms: 


See  also  i;^  lenmeyer,  Lelirbuch  der  organisohen  Chemic,  p.  41. 
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Ethane. 

Propane. 

CH„ 

CH, 

1 

1 

In, 

Quartane. 
I 

CH, 


^2 

I 

CHo 
I 

CH3 

In  each  of  these  compoLuids,  every  carbon  atom,  except  the  two 
outside  ones,  has  two  of  its  units  of  equivalence  satisfied  by  com- 
bination with  those  of  the  neighbouring  carbon  atoms,  while  each 
of  the  two  exterior  ones  has  only  one  unit  thus  satisfied.  Hence, 
in  any  similarly  constituted  compound  containing  n  carbon  atoms, 
the  number  of  units  of  equivalence  remaining  to  be  satisfied  by  the 
hydrogen  atoms  is4ra-2(w-2)-2  =  2?i  +  2.  The  general  formula 
of  this  series  of  hydi-ocarbons  is,  therefore,  C„H2?i-|-2,  and  the 

equivalent  value  of  the  carbon  is  •  . 

n 

In  other  cases,  multivalent  atoms  may  be  united  by  two  or  more 
of  their  units  of  equivalence,  so  that  their  combining  power  may 
appear  to  be  still  further  reduced,  as  in  the  hydrocarbon,  CgH^,  in 
which  the  carbon  may  be  apparently  bivalent,  and  in  C^H.^,  in  which 
it  may  ajapear  to  be  univalent;  thus — 

H— C-H  C-H 

II  .III 
H-C-H  C_H . 

In  most  cases,  the  equivalent  value  or  atomicity  of  an  element  is 
most  safely  determined  by  the  number  of  monad  atoms  with  which 
It  can  combine.  Of  dyad  atoms,  indeed,  any  element  or  compound 
may  take  up  an  indefinite  niunber,  without  alteration  of  its  quauti- 
valence  or  combining  power :  for  each  dyad  atom,  possessing  two 
umts  of  equivalency,  neutralises  one  unit  in  the  compoimd  which  it 
enters,  and  introduces  another,  leaving,  therefore,  the  combining 
power  of  the  compound  just  what  it  was  before.  Thus  potassium 
forms  only  one  chloride,  KCl,  and  is  therefore  univalent  or  monadic; 
but  m  addition  to  the  oxide,  K,0,  corresponding  with  this  chloride, 
It  hltewise  forms  two  others,  viz.,  K^O^  and  Kfi^,  in  the  former  of 
which  It  might  be  regarded  as  dyadic,  and  in  the  latter  as  tetradic; 
but  the  manner  m  which  dyad  oxygen  enters  these  compounds  is 
easily  seen  by  inspection  of  the  folloMTng  diagrams: — 
Monoxide.  Dioxide.  Tetroxide 

'K  O—K  0— K 

I  I 
O—K  6 

i 

I 

O—K. 
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It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like 
niiiuner,  be  inserted  without  disturbing  tlie  balance  of  equivalency. 
If,  indeed,  we  timi  to  the  sulphides  of  potassium,  in  which  the  sul- 
phm-  is  dyadic,  like  oxygen,  we  find  the  series,  K^S,  KgSj,  KgSg, 
K2S4,  K3S5,  the  constitution  of  which  may  be  represented  iii  a 
precisely  similar  manner.  Hence  the  quantivalence  of  any  element 
is,  for  the  most  part,  best  determined  by  the  composition  of  its 
chlorides,  bromides,  iocUdes,  or  fluorides,  rather  than  by  that  of  its 
oxides  or  sulphides.  In  some  cases,  however,  as  will  be  seen  further 
on,  the  combinations  of  an  element  witli  oxygen  afford  the  best 
means  of  determining  its  quanti valence  or  combining  capacity. 

Compound  Radicles. — Suppose  one  or  more  of  the  component 
atoms  of  a  fully  satimxted  molecule  to  be  removed :  it  is  clear  that 
the  remaining  atom  or  group  of  atoms  will  no  longer  be  saturated, 
but  will  have  a  combining  power  corresponding  with  the  number  of 
units  of  equivalency  removed.  Such  imsaturated  groups  are  called 
residues  or  radicles.  Methane,  CH4,  is  a  fully  saturated  com- 
pound ;  but  if  one  of  its  hydrogen  atoms  be  removed,  the  residue 
CH3  (called  methyl),  will  be  ready  to  combine  with  one  atom  of  a 
univalent  element,  such  as  chlorine,  bromine,  &c.,  forming  the  com- 
poimds  CH3CI,  CHjBr,  &c.;  two  atoms  of  it  unite  in  like  manner 
with  one  atom  of  oxygen,  sulphur,  and  other  bivalent  elements, 
forming  the  compounds  0"(CH3)3,  S"(CH3)2,  &c.;  three  atoms  with 
nitrogen  yielding  N"'(CH3)3, 

The  removal  of  two  hycbogen-atoms  from  CH^  leaves  the  bivalent 
radicle  CHj,  called  methene,  wlrich  yields  the  compounds  CHoClj, 
CR.fi,  CH.jS,  &c.  The  removal  of  three  hydrogen  atoms  from  CH.j 
leaves  the  trivalent  radicle  CH,  which,  in  combination  with  three 
chlorine-atoms,  constitutes  chloroform,  CHCI3.  And,  finally,  the 
removal  of  all  four  hydrogen-atoms  fi-om  CH^  leaves  the  c[uadri- 
valent  radicle  carbon,  C'",  capable  of  forming  the  compounds  CCL 
CS,,  &c.  ^ 

In  like  manner,  ammonia,  NH3,  in  which  the  nitrogen  is  tri- 
valent, yields,  by  removal  of  one  hycbogen-atom,  the  univalent 
radicle  amidogen,  NHg,  which  with  one  atom  of  potassium  forms 
potassamine,  NHgK,  and  when  combined  with  one  atom  of  the 
imivalent  radicle  methyl,  CH3,  forms  methylamine,  NH2(CH3),  &c. 
The  alwtraction  of  two  hyclrogen-atoms  from  the  molecule  NH3, 
leaves  the  bivalent  radicle  imidogen,  NH,  which  with  two  methyl- 
atoms  forms  dimethylamine,  NH(CH3)2,  &c.;  and  the  removal  of  all 
three  hydrogen-atoms  from  NH3,  leaves  nitrogen  itself,  which  fi-e- 
quently  acts  a  trivalent  element  or  radicle,  forming  tripotassamine, 
NK3,  trimethylamine,  N(CH3)2,  &c. 

Fmally,  the  molecule  of  water,  OHg,  by  losing  an  atom  of  hydro- 
gen, IS  converted  into  the  imivalent  radicle  hydroxyl,  OH,  which, 
m  its  relations  to  other  bodies,  is  analogous  to  clilorine,  bromine, 
and  lodme,  and  may  Ix;  substituted  in  combination  for  one  atom  of 
hydrogen  or  other  monads.     Thus,  water  itself  may  be  regarded  as 
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H.OH,  analogous  to  hydrochloric  acid,  HCl;  potaf5sium  hydroxide 
as  K.OH,  analogous  to  potassium  chloride  ;  barium  hydi'oxide,  as 
Ba".(0H)2,_  analogous  to  barium  chloride,  Ba"Cl2. 

In  a  similar  manner,  the  univalent  radicle,  potassoxyl,  KO,  may 
be  derived  from  potassium  hydroxide ;  th  e  bivalent  radicle,  z i n  c  o  x  y,l, 
ZnO.2,  by  abstraction  of  H2  from  zinc  hydi-oxide,  Zn"H202.  Tlie 
essential  character  of  these  oxygenated  radicles  is  that  each  of  the 
oxygen-atoms  contained  in  them  is  imited  to  the  other  atoms  by  one 
unit  of  equivalency  only,  so  that  the  radicle  has  necessarily  one 
or  two  units  unconnected;  thus- — 

Hydroxyl,  ....  H— 0— 
Potassoxyl,  ....  K — 0 — 
Zincoxyl,     .       .       .    _0— Zn— 0— 

From  the  preceding  explanations  of  the  mode  of  derivation  of 
compoimd  radicles,  it  is  clear  that  there  is  no  limit  to  the  number 
of  them  which  may  be  supposed  to  exist;  in  fact,  it  is  only  necessary 
to  sujjpose  a  number  of  imits  of  equivalency  abstracted  from  any 
saturated  molecule,  in  order  to  obtain  a  radicle  of  corresponding 
combining  power  or  equivalent  value.  But  unless  a  radicle  can  be 
supposed  to  enter  into  a  considerable  number  of  compounds,  thus 
forming  them  into  a  group,  like  the  salts  of  the  same  metal,  there 
is  nothing  gained  in  point  of  simplicity  or  comprehensiveness  by 
assuming  its  existence. 

It  must  also  be  distinctly  understood  that  these  compound  radicles 
do  not  necessarily  exist  in  the  separate  state,  and  that  those  of 
uneven  equivalency,  like  methyl,  cannot  exist  in  that  state,  their 
molecules,  if  liberated  from  combination  with  others,  always  doubl- 
ing themselves,  as  we  have  seen  to  be  the  case  with  most  of  the 
elementary  bodies.  Thus  hydroxyl  — 0— H  is  not  known  in  the 
free  state,  the  actually  existing  compound  containing  the  same  pro- 
portions of  hydrogen  and  oxygen  being  O2H2  or  H — 0— 0— H.  In 
like  manner  methyl,  CHg,  has  no  separate  existence,  but  dimethyl, 
C2Hg,  is  a  known  compound  : — 

Methyl.  Dimethyl. 
CH3  CH3 

Relations  between  Atomic  Weig-M  and  Q,uantivalence.— A 

very  remarkable  relation  has  been  shown  to  e.xist  between  the  quanti- 
valence  of  the  elements  and  the  numerical  order  of  theii-  atomic 
weights.  Arranging  the  elements  in  vertical  columns  according  to 
this  order,  as  in  the  foUomng  table,  we  find  that,  with  the  excep- 
tion of  certain  metals  belonging  to  the  iron  and  platinimi  groups, 
they  all  arrange  thenielvesin  such  a  manner,  that  the  lii-st  horizontal 
line  is  occupied  by  the  monad  elements,  the  second  by  the  dyads. 
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the  third  by  the  triads,  &c.,  as  indicated  by  the  composition  of  the 
chlorides  in  the  hist  coliuiin  of  the  table,  where  R  denotes  a  metal 
or  hydrogen.  Hydrogen  itself  stands  alone,  there  being  no  known 
element  intermediate  between  it  and  the  monad  metal  lithinm.  This 
relation  of  the  elementary  bodies,  which  is  called  the  "  periodic  law," 
was  tirst  pointed  ont  by  iSTewlands  in  1864,  and  afterwards  developed 
by  Odliug  and  Meudelejeff. 

Airangement  of  Elements  in  the  order  of  their  Atomic  TVeiqhts. 


HI 

Li  7 

Na  23 

K 

39 

Cu 

63 

Rb 

85 

Ag  108 

Cs  133 

Au  199 

RCl 
RCl,, 

Be  9-4 

Mg  24 

Ca 

40 

Zn 

65 

Sr 

87 

Ctl  112 

Bal37 

Hg  200 

B  11 

Al  27 

Ga 

68 

Y 

88 

In  113 

Di  138 

Ebl78 

Tl  204 

RCfj 
RClj 

C  12 

Si  28 

Ti 

48 

7.T 

90 

Sn  118 

Ce  140 

La  180 

Pb  207 

Til  231 

K  14 

P  31 

V 

51 

As 

75 

Nb 

94 

Sb  122 

Ta  182 

Bi  210 

RCl, 
RCij 

0  16 

S  32 

Cr 

52 

Si 

78 

Mo 

96 

Te  125? 

W  184 

U  240 

F  19 

CI  Z5-b 

Jin 

65 

Br 

80 

I  127 

... 

RCI7 

Fe 

56 

Ru 

104 

Os  195 

Co 

59 

Rh 

104 

Ir  197 

Ni 

59 

Pd 

106 

Pt  198 

Cu 

63 

Of  the  elements  in  the  first  row,  lithium,  sodium,  potassium, 
rubidiiim,  silver,  and  caesium  are  shown  to  be  monadic  or  imivalent, 
by  their  combinations  with  chloriae  and  oxygen,  e.g.,  NaCl  and 
]S"a 

■^g^>0.  Copper  may  be  regarded  as  univalent  ia  one  series  of 

its  compounds,  viz.,  the  cuprous  compoimds,  as  in  the  chloride 
CuCl  and  the  oxide  CujO,  though  in  its  most  stable  compoimds 
it  is  bivalent,  and  appears  to  be  more  nearly  related  to  the 
metals  of  the_  iron  group.  The  place  of  gold  in  the  series  is  some- 
what exceptional,  since,  though  univalent  in  the  aurous  com- 
pounds, as  AuCl,  it  is  trivalent  in  the  more  stable  auric  compounds, 
asAuCl,.  ^ 

The  elements  in  the  second  row  are  all  dyads,  with  the  excep- 
tion perhaps  of  beryllium,  which  has  some  analogies  to  the  triads. 

Of  the  elements  in  the  third  row,  boron,  gallium,  indium,  and 
thalUum  are  undoubtedly  triads.  Aluminium  forms  a  trichloride. 
AICI3,  and  a  corresponding  oxide,  AljOg,  also  a  volatile  methyl-com- 
pound, A1(GH3)3,  the  vapour-density  of  which  indicates  that  the'mole- 
cule,  as  represented  by  this  formula,  has  the' normal  2-voliime  con- 
densation (p.  253).  It  is  true  that  the  chloride,  wliich  is  also  volatile, 
1 1  rn^''^  ^  vapour-density  agreeing  rather  with  the  doubled  formula, 
AljClg,  which  would  indicate  that  aluminium  is  a  tetrad,  the 

chloride  having  the  constitution    I         but  this  chloride  boils  at  a 

AICI3 

very  high  temperature,  and  it  is  therefore  probable  that  the  tem- 
perature at  which  its  vapour-density  was  actually  taken  was  not 
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sufficiently  raised  alDove  the  boiling  point  to  bring  the  compound 
into  the  state_  of  a  perfect  gas  (p.  253). 

_  Yttrium,  didyniium,  and  erbium  are  usually  regarded  as  dyads  ; 
indeed  their  atomic  weights,  as  determined  by  experiment,  are  not 
those  given  in  the  preceding  table.  Mendelejeff,  however,  from 
certam  considerations  which  will  be  noticed  hereafter,  proposes  to 
regard  them  as  triads,  and  to  alter  their  atomic  weights  accord- 
ingly. The  matter  is  for  the  present  altogether  doubtful,  though 
perhaps  on  the  whole  the  balance  of  argument  is  against  Mendelejeff's 
suggestion. 

The  elements  in  the  fourth  row  are  undoubtedly  tetradic,  with 
the  exception  of  lanthanum,  which  is  more  generally  regarded  as  a 
dyad. 

Of  the  elements  in  the  fifth  row,  phosphorus,  antimony,  niobium, 
and  tantalum  form  pentachlorides.  Nitrogen  is  quinquivalent  in 
the  ammonium-compounds,  as  in  the  chloride  NH4CI.  Vanadium, 
arsenic,  and  bismuth  do  not  combine  with  more  than  3  atoms  of 
chloriae,  bromine,  or  iodine ;  but  bismuth  forms  an  oxychloride, 
BiOClg  or  O^BiClg,  in  which  it  is  quiuquivalent,  and  vanadium 
forms  the  analogous  compound,  VOCI3.  Arsenic  does  not  form  a 
similar  oxychloride;  but  its  highest  oxide,  Asfi^,  is  the  exact 
analogue  of  phosphoric  oxide,  P2O5,  and  vanadic  oxide,  V,Og,  and 
forms  a  series  of  salts,  the  arsenat  es,  which  are  isomorphous  with 
the  phosphates  and  vanadates.  For  these  reasons  arsenic  is  like-wipe 
regarded  as  a  pentad. 

Among  the  elements  in  the  sixth  row,  chromium  forms  a  hex- 
fluoride  and  tungsten  a  hexchloride ;  m-anium  forms  an  oxychloride, 
UO2CI2,  and  a  trioxide,  UO3.  Snlj)hur,  selenium,  and  tellurium,  so 
far  as  regards  their  hydrogen-compounds,  HgS,  &c.,  are  dyads  ;  but 
with  regard  to  theii-  combinations  with  chlorine,  they  ai-e  tetrads, 
ancl  sulphur  is  known  to  form  certain  organic  compounds  in  which 
it  is  tetradic,  and  others  iu  which  it  is  hexadic*  Moreover  the 
chemical  relations  of  the  sulphates  are  much  more  clearly  repre- 
sented by  formuL-e  in  which  sulphui-  is  supposed  to  be  hexadic,  like 
that  given  for  sulphuric  acid  on  p.  257,  than  by  formulffi  into  which 
It  enters  as  a  dyad,  such  as,  H— 0— 0— S— O— 0— H,  inasmuch  as 
compounds  in  which  dyadic  elements  are  Unked  together  in  one 
row,  are  for  the  most  part  very  unstable,  like  the  higher  oxides  and 
sulphides  of  potassium  (pp.  262,  263).  These  tlu-ee  elements  ai-e 
therefore  best  regarded  as  hexads,  though  they  sometimes  enter  into 
combination  as  tetrads,  and  very  frequently  as  dyads. 

Oxygen,  in  its  combinations  -ndth  hydrogen,  and  with  most  of  the 
metals,  undoubtedly  acts  as  a  dyad';  but  it  appeai-s  also  to  be  * 

*  Sulphur  ti-iethiodide,  Si'  |  (^2^5)3 

r  (CoH^)" 

Sulphur  diethene-dihromide  B'''<  (C.J-I4)" 

I  Br, 
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capable  of  higher  degrees  of  coinbination ;  with  silver,  for  example, 
it  forms  the  two  oxides,  Ag.^O  and  Ag^O,  iu  the  latter  of  which 
it  is  tetradic ;  and  fi-om  its  close  analogies  to  sulphur,  and  the  place 
of  its  atomic  weight  in  the  series,  it  may  be  classed  with  the 
hexads. 

Of  the  elements  in  the  seventh  row,  manganese  appears  to  form 
a  heptachloride,  MnCl^,  though  the  composition  of  this  chloride 
has  not  perhaps  been  very  distinctly  made  out ;  but  in  the  perman- 
ganates the  metal  ajjpears  to  be  decidedly  he ptadic ;  thepotassiumsalt, 
KMnO^,  for  example,  may  be  represented  by  the  structm-al  formula: 


0 

II 

0=Mn— 0— K 
II 

0 


The  perchlorates,  e.g.  KCIO4,  are  similar  to  the  permanganates  in 
composition  and  in  crystalline  form,  and  may  therefore  be  supposed 
to  have  a.  similar  constitution,  the  chlorine  in  them  being  septi- 
yalent ;  in  fact,  the  foiu:  oxy-acids  of  chlorine  form  a  regular  series 
in  which  the  quantivalence  of  the  chlorine  varies  by  two  units 
from  1  to  7 ;  thus — 

0  0 

Cl-O-H      0=C1— 0-H      0=Cl-0-H  0=cLo-H 

II 

0 

Hypochlorous.  Chlorous.  Chloric.  Perchloric. 

'  Iodic  acid,  IO3H,  and  periodic  acid,  IO4H,  are  exactly  similar  in 
constitution  to  chloric  and  perchloric  acids,  and  the  corresponding 
oxides  or  anhydrides  IgO-,  IgO^  are  likewise  known  (p.  200) :  hence 
iodine  also  may  be  regarded  as  a  heptad.  Bromic  acid,  BrOgH,  is 
similar  to  chloric  acid,  but  perbromic  acid  has  not  yet  been  obtained ; 
and  of  fluorine  no  oxygen-compound  is  known ;  but  from  the  close 
analogy  m  the  reactions  of  these  four  elements,  CI,  Br,  I,  and  F,  and 
the  manner  in  which  they  replace  one  another  in  combination, 
there  can  be  no  doubt  that  they  belong  to  the  same  gi-oup.  In 
their  combinations  with  hydrogen,  and  in  the  reactions  in  which 
they  replace  hydrogen  and  one  another  in  combination,  they  in- 
variably act  as  monads,  the  substitution  taking  place  atom  for 
atom.  °  ^ 

Lastly  with  regard  to  the  elements  (all  metallic)  which  camiot 
be  included  in  either  of  the  seven  horizontal  series  above  considered. 

•  I  f  "7^'^  weights  of  three  of  these  metals,  viz.,  iron,  cobalt,  and 
nickel  have  values  between  those  of  manganese  and  copper;  and  of 
the  other  six,  called  platinum  metals,  three,  viz.,  ruthenium, 
rhodium,  and  pallatlium,  have  atomic  weights  intermediate  between 
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those  of  molylDdemim  (96)  and  silver  (108) ;  and  the  other  three,  ^^z., 
osmium,  mdium,  and  platinum,  are  in  like  manner  intermediate 
between  timgsten  (184)  and  gold  (199). 

These  intei-mediate  elements,  Fe,  Co,  Ni,  Ru,  Rh,  Pd,  Os,  Ir, 
l^t,  constitute  a  group  of  themselves  (the  eighth),  some  of  the 
members  of  which,  viz.,  Ru  and  Os,  form  tetroxides  (analogous  to 
octochlorides),  and  may  therefore  be  regarded  as  octads.  None  of 
tJiem,  however,  form  chlorides  containing  more  than  4  atoms  of 
chlorme  to  one  atom  of  metal. 

The  blank  spaces  in  the  preceding  table  indicate  the  places  of 
elements  which  probably  exist,  but  have  not  yet  been  actually  dis- 
covered. An  anticipated  discovery  of  this  kind  has,  however,  been 
actuaUy  realised.  When  the  table  was  drawn  up,  a  blank  in  the 
place  now  occupied  by  gallium  indicated  the  probable  existence  of 
a  trivalent  element  intermediate  in  atomic  weight  between  zinc  and 
arsenic.  This  element  was  provisionally  designated  ekahmiimum 
by  Mendelejelf,  who  predicted,  from  its  position  in  the  series,  what 
its  chief  properties  ought  to  be.  The  discoveiy  of  gallium,  with  the 
atomic  weight  68,  has  verified  this  prediction. 


CRYSTALLISATION ;  CRYSTALLINE  FORM. 

_  Almost  every  substance,  simple  or  compound,  capable  of  existing 
m  the  solid  state,  assumes,  imder  favoui-able  circumstances,  a  dis- 
tinct geometrical  figui-e,  usually  bounded  by  plane  smfaces,  and 
having  angles  of  constant  value.  The  faculty  of  crystallisation 
seems  to  be  denied  only  to  a  few  bodies,  chiefly  highly  complex 
organic  principles,  which  stand,  as  it  were,  upon  the  very  verge  of 
organisation,  and  which,  when  ia  the  solid  state,  are  frequently 
characterised  by  a  kiad  of  beady  or  globular  appearance,  well  known 
to  microscopical  observers. 

The  most  beautiiid  examples  of  crystallisation  are  to  be  found 
among  natiu-al  minerals,  the  results  of  exceedingly  slow  changes 
constantly  occurring  within  the  earth.  It  is  invaiiably  found  that 
artificial  crystals  of  salts,  and  other  soluble  substances  which  have 
been  slowly  and  quietly  deposited,  surpass  in  size  and  regularity 
those  of  more  rapid  formation. 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method 
of  efl'ectiag  crystallisation.  If  the  substance  be  more  soluble  at  a 
high  than  at  a  low  temperature,  then  a  hot  and  satiu-ated  solution 
leit  to  cool  slowly  -ndll  generally  be  found  to  furnish  crystals :  this 
is  a  very  common  case  with  salts  and  various  organic  principles. 
If  it  be  equally  soluble,  or  nearly  so,  at  all  temperatui-es,  then  slow 
spontaneous  evaporation  in  the  air,  or  over  a  surface  of  oil  of  vitriol, 
often  proves  very  effective. 

Fusion  and  slow  coohng  may  be  employed  in  many  cases :  that 
of  sulphur  is  a  good  example:  the  metals,  when  thus  treated, 
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usuall}'  afford  traces  of  crystalline  figure,  which  sometimes  become 
very  beautiful  and  distinct,  as  with  bismuth.  A  third  condition 
under  which  crystals  very  often  form  is  in  passing  from  the  "aseous 
to  the  solid  state,  of  wliich  iodine  affords  a  good  instance.  "^When 
by  any  of  these  means  time  is  allowed  for  the  symmetrical' arrano-e- 
nient  of  the  particles  of  matter  at  the  moment  of  solidification  crystals 
are  produced.  ' 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal 
structure  is  shown  both  by  theii-  mode  of  formation  and  also  by  the 
peculiarities  attending  their  fracture.  A  crystal  placed  in  a  slowly 
evaporatmg  satui-ated  solution  of  the  same  substance,  grows  or 
mcreases  by  a  continued  deposition  of  fresh  matter  upon  its  sides 
m  such  a  manner  that  the  angles  formed  by  the  meeting  of  the  latter 
remain  imaltered. 

The  tendency  of  most  crystals  to  split  in  particular  dii-ections 
caUed  by  mineralogists  cleavage,  is  a  certain  indication  of  reoular 
structure,  while  the  optical  properties  of  many  among  them°  and 
then-  mode  of  expansion  by  heat,  point  to  the  same  conclusion. 
_  It  may  be  laid  down  as  a  general  rule  that  every  substance  has 
its  own  crystalline  form,  by  which  it  may  very  frequently  be 
recogiused  at  once— not  that  each  substance  has  a  different  fio-ure 
although  very  great  diversity  in  this  respect  is  to  be  foimd.  Some 
lorms  are  much  more  common  than  others,  as  the  cube  and  six-sided 
prism,  which  are  very  frequently  assumed  by  a  number  of  bodies 
not  m  any  way  related. 

The  same  substance  may  assume,  under  different  sets  of  cii-cum- 
stances,  as  at  high  and  low  temperatiu-es,  two  different  crystalUne 
torms,  m  which  case  it  is  said  to  be  dimorjohous.  Sulphur  and 
carbon  turnish,  as  abeady  noticed,  examples  of  this  cm-ious  fact  • 
another  case  is  presented  by  calcium  carbonate  in  the  two  mocUfica- 
tions  ot  calc  spar  and  arragonite,  both  chemically  the  same,  but 
physically  different.  A  fourth  example  might  be  given  in  mercm-ic 
iodide,  which  also  has  two  distinct  forms,  and  even  two  distinct 
griplite  ^      '^''^       Sreat  a  contrast  as  those  of  diamond  and 

.  Crystallographic  Systems.-Wben  a  crystal  of  simple  form 
IS  attentively  considered,  it  becomes  evident  that  certain  directions 
rl™  pointed  out  in  which  straight  lines  maybe  imagined  to  be 
c  mvn,  passm"  through  the  central  point  of  the  crystal  f?om  side  to 

£  p1  //^t'  the  particles  of  matter  composing  the  crystal  may 
be  conceived  to  be  symmetrically  built  up.  Suchlines,  or  axes,  are 
rpmnrrTi'  P^^^ly  imagmaiy,  however,  as  may  be  inferred  from  the 
rP^,^^^  1  1  'IC""^  properties  of  many  crystals :  upon  tlieir  number, 
^!,fwl  1  '  rf'*'°"'  '''"'^  inclination  to  each  other,  depends  tlie 

outward  figure  ot  the  crystal  itself. 

n.flif ■^'^'''^T  "'^y  ^^P°n  "^his  plan  be  arranged  in  six  classes 
or  s  y  s  t  e  ni  s ;  these  are  the  f ollo-Wing. 
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1.  The  monometric,  regular,  or  cubic  system  (fig.  125).— 

The  crystals  of  this  division  have  three  equal  axes,  all  placed  at 
right  angles  to  each  other.  The  most  important  forms  are  the  cube 
(1),  the  regular  octahedron  (2),  and  the  rhombic  dodecahedron,  (3). 

The  letters  a— a,  b—b,  c~c  (fig.  125),  show  the  termination  of 
the  three  axes,  placed  as  stated. 

Very  many  siihstances,  both  simple  and  compound,  assume  these 
forms,  as  most  of  the  metals,  carbon  in  the  state  of  diamond,  com- 
mon salt,  potassium  iodide,  the  alums,  fluor-spar,  iron  bisulphide, 
garnet,  spineUe,  &c. 

Fig.  125. 

^  ^3 
e 
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2.  The  dimetric,  quadratic,  square  prismatic,  or  pyramidal 
system.— The  crystals  of  this  system  (fig.  126)  are  also  symmetrical 


Fig.  126. 


a 

> 

about  three  axes  at  right  angles  to  each  other.  Of  these,  however, 
two  only  are  of  equal  length,  the  third,  c—c,  being  longer  or  shorter. 
The  most  important  forms  are,  the  right  square,  prism  (1),  and  the 
right  square-based  octahedron  (2). 

Examples  of  these  forms  are  to  be  foimd  in  zii'con,  native  stannic 
oxide,  apophyllite,  yeUow  potassium  ferrocyanide,  &e. 


3.  The  rhombohedral  system  (fig.  127.) — This  is  very  impor- 
tant and  extensive  ;  it  may  be  characterised  by  four  axes,*  three  of 
•which  axe  equal,  in  the  same  plane,  and  inclined  to  each  other  at  angles 

*  This  reference  to  four  axes  is  a  mere  matter  of  convenience ;  three  axes  are 
sufficient  for  the  determination  of  any  solid  figiu-e  whatever. 
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of  60°,  while  the  fourth  or  piincipal  axis  is  perpendicular  to  them 
all.  The  principal  forms  are,— the  regular  six-sided  prism  (1),  the 
regular  doidde  six-sided  pyramid  (2),  the  rhomhohedron  (4),  and  the 
scaleiwhcdron  (5),  a  figure  bounded  by  twelve  scalene  trian-des. 

Examples  are  found  in  ice,  calcspar,  sodium  nitrate,  beryl, 
quartz  or  rock-crystal,  and  the  semi-metals,  arsenic,  antimony,  and 
telliuium. 

A  combination  of  the  regular  six-sided  prism  and  double  six- 
sided  pyramid  (3)  is  a  common  form  of  quartz. 


a. 

a. 

_._!  

4  The  trimetric,  rhombic,  or  right  prismatic  system  This 

IS  characterised  by  three  axes  of  unequal  lengths,  placed  at  right  angles 
to  each  other,  as  m  the  right  rectangular  prism,  the  right  rhombic  prism, 
the  right  rectangular-based  octahedron,  and  the  right  rhombic-based 
octohedron. 


Fig.  128. 


The  base.s  of  these  forms  are  represented  in  fig.  128,  (1)  and  (2) 
Let  the  reader  imagine  a  straight  Hne  passing  through  the  centre 
of  each  ot  these  hgures,  perpendicular  to  the  plane  of  the  paper: 
this  will  represent  the  vertical  axis.  The  octoliedrons  will  be 
formed  by  joining  the  ends  of  this  vertical  line  with  the  angles  of 
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the  bases,  and  the  prisms  by  vertical  planes  passing  through  the 
sides  of  the  base,  and  terminated  by  horizontal  planes  passing 
throngh  the  extremities  of  the  vertical  axis.  The  perspective  forms 
of  these  trimetric  prisms  and  octohedrons  are  similar  to  those  of 
the  dimetric  system  (fig.  126). 

The  system  is  exemplified  in  sulphur  crystallised  at  a  low  tem- 
peratiu'e,  arsenical  iron  pyrites,  jDotassium  nitrate  and  sulphate, 
barium  sulphate,  &c. 

5.  The  monoclinic  or  oblique  prismatic  system. — Crystals 
belonging  to  this  group  have  also  three  axes,  which  may  be  all  un- 
equal ;  two  of  these  (the  secondary)  are  placed  at  right  angles,  the 
third  being  so  inclined  as  to  be  oblique  to  one  and  perpendicular  to 
the  other.  To  this  system  may  be  referred  the  four  follo'wang 
forms : — The  oblique  rectangular  prism,  the  oblique  rhombic  ])rism, 
the  oblique  rectangular-based  octohedron,  the  oblique  rhombic-based 
octahedron. 

The  bases  of  these  monoclinic  forms  are  identical  in  form  with 
those  of  the  trimetric  system,  fig.  128,  (1)  and  (2).  The  principal 
axis  may  be  represented  by  a  line  passing  through  the  plane  of  the 
paper  at  the  middle  pohit,  perpendicular  to  a  a,  and  oblique  to  b  b. 
The  perspective  forms  are  shown  in  fig.  129. 


Fig.  129. 
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Such  forms  are  taken  by  sulphur  crystallised  by  fusion  and  cool- 
ing, by  realgar,  sulphate,  carbonate  and  i^hosphate  of  sodium,  borax, 
green  vitriol,  and  many  other  salts. 

6.  The  triclinic,  anorthic,  or  doubly  oblique  prismatic 
system. — The  crystalline  forms  comprehended  in  this  di^^sion  are, 
from  their  great  apparent  irregularity,  exceedingly  difficult  to  study 
and  imderstand.  In  them  are  traced  thi-ee  axes,  which  may  be  all 
unequal  in  length,  and  are  all  obhque  to  each  other,  as  in  the  doubly- 
oblique  prism,  and  in  the  doubly-oblique  octohedron.  The  perspective 
forms  are  similar  to  those  of  the  monoclinic  system. 

Copper  sulphate,  bismuth  nitrate,  and  potassium  quadroxalate 
afiford  illustrations  of  these  forms. 


Primary  and  Secondary  Form's. — If  a  crystal  increase  in  magni- 
tude by  equal  additions  on  ever}"-  part,  it  is  quite  cleai'  that  its 
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figiuv  must  remain  imaltered ;  but  if,  from  some  cause,  this  increase 
should  be  partial,  the  newly  deposited  matter  being  distributed 
unequally,  but  still  in  obedience  to  certain  definite  laws,  then 
alterations  of  form  are  produced,  giving  rise  to  ligures  wldch  have 
a  du'ect  geometrical  connection  with  that  from  wliich  they  are 
derived.  If,  for  example,  in  the  cube,  a  regular  onrission  of  suc- 
cessive rows  of  particles  of  matter  in  a  certaia  order  be  made  at 
each  solid  angle,  whUe  the  crystal  continues  to  increase  elsewhere, 
the  result  will  be  the  production  of  small  triangular  planes,  which^ 
as  the  process  advances,  gi-adually  usm-p  the  whole  of  the  siu-face 
of  the  crystal,  and  convert  the  cube  into  an  octohedron.  The 
new  planes  ar'e  called  secondanj,  and  their  production  is  said  to 
take  place  by  regular  deerements  upon  the  solid  angles.  The  same 
thing  may  happen  on  the  edges  of  the  cube  ;  a  new  figiu'e,  the 

Fig.  130. 


Passage  of  cube  to  octohedron. 

rhombic  dodecahedron,  is  then  generated.  The  modifications  which 
can  thus  be  produced  of  the  original  or  primary  figure  (all  of  which 
are  subject  to  exact  geometrical  laws)  are  very  numerous.  Several 
distinct  modifications  may  be  present  at  the  same  time,  and  thus 
render  the  form  exceedingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primaiy 
figiu-e,  as  m  calcspar,  which  offers  a  good  illustration  of  this  perfect 
cleavage.  Sometimes  one  or  two  of  these  planes  have  a  kind  of 
preference  over  the  rest  in  this  respect,  the  crystal  splitting  readilv 
in  these  directions  only.  x        o  j 

A  very  curious  modification  of  the  figure  sometimes  occurs  by 
the  excessive  growth  of  each  alternate  plane  of  the  crystal  •  the 
rest  become  at  length  obliterated,  and  the  crystal  assumes  the 

Fig.  131. 


Passage  of  ootohedfon  to  tetrahedron. 

Character  caUed  hemdhedral  or  half-sided.  This  is  weU  seen  in  the 
production  of  the  tetrahedron  £i-om  the  regular  octohedron  (fig.  131), 

FOWNES. — VOL.  I. 
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and  of  tlie  rliomboliedric  form  by  a  similar  change  from  the  double 
six-sided  pyramid  (fig.  127,  2). 

Forms  belonging  to  the  same  crystallogi'aphic  system  are  related 
to  each  other  by  several  natiu-al  affinities. 

1.  It  is  only  the  simple  fortm  of  the  same  system  tliat  can  combine 
into  a  complex  form, — For  in  all  fuUy  developed  (holohedral)  natural 
crystals,  it  is  Ibmid  that  all  the  similar  parts,  if  modified  at  aU,  are 
modified  in  an  exactly  similar  manner  (in  hemihedral  forms,  half 
the  similar  edges  and  angles  alternately  situated  are  similarly 
modified)  Now  this  can  be  the  case  only  when  the  dominant 
form  and  the  modifying  form  are  developed  according  to  the  same 
law  of  synmietry.  Thus,  if  a  cube  and  a  regular  octohedron  are 
.developed  round  the  same  system  of  axes,  each  summit  of  the  cube 
is  cut  off  to  the  same  extent  by  a  face  of  the  octohedron,  or  vice  versa. 
But  a  cube  could  never  combine  in  this  maimer  with  a  rhombic 
octohedron,  because  it  would  be  impossible  to  place  the  two  forms 
in  such  a  manner  that  similar  parts  of  the  one  should  throughout 
replace  similar  parts  of  the  other. 

The  crystals  of  each  system  are  thus  subject  to  a  peculiar  and 
distinct  set  of  modifications,  the  observation  of  which  very  fi-equently 
constitutes  an  excellent  giude  to  the  discovery  of  the  primary  form 
itself. 

2.  Crystals  belonging  to  the  same  system  are  intimately  related  in 
tlieir  optical  properties. — Crystals  belonging  to  the  regiilar  system  (as 
the  diamond,  alum,  rock-salt,  &c.)  refract  light  in  the  same  manner 
as  uncrystallised  bodies  ;  that  is  to  say,  they  have  but  one  refractive 
index,  and  a  ray  of  hght  passing  through  them  in  any  direction  is 
refracted  singly.  But  all  other  crystals  refract  doubly,  that  is  to 
say,  a  ray  of  light  passing  thi'ough  them  (except  in  certain  directions) 
is  split  into  two  rays,  the  one  caUed  the  ordinary  ray,  being  refracted 
as  it  wotdd  be  by  an  amorphous  body,  the  other,  called  the 
extraordinary  ray,  Ijeing  refracted  according  to  peculiar  and  more 
complex  laws  (see  Light).  Now,  the  crystals  of  the  dimetric  and 
hexagonal  systems  resemble  each  other  in  this  respect,  that  in  all 
of  them  there  is  one  direction,  called  the  optic  axis,  or  axis  of  double 
refraction  (coinciding  with  the  principal  crystallographic  axis),  along 
which  a  ray  of  light  is  refracted  singly,  while  in  all  other  direc- 
tions it  is  refracted  doubly ;  whereas  in  crystals  belonging  to  the 
other  systems,  viz.,  the  trtmetric  and  the  two  oblique  systems, 
there  are  always  two  dii'ections  or  axes,  along  which  a  ray  is  singly 
refracted. 

3.  Crystals  belonging  to  the  same  system  resemble  eadi  otJier  in  their 
mode  of  conducting  heat. — Amorphous  bodies  and  crystals  of  the 
regular  system  conduct  heat  equally  in  all  directions,  so  that, 
supposmg  a  centre  of  heat  to  exist  within  such  a  body,  the  isothemaal 
surfaces  will  be  spheres.  But  crystals  of  the  dimetric  and  hexagonal 
systems  conduct  equally  only  in  directions  perpendicular  to  the 
principal  axis,  so  that  in  such  crystals  the  isothermal  surfaces  are 
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ellipsoids  of  revolution  round  that  axis  ;  and  crystals  helongin"  to 
either  of  the  thi'ee  other  systems  conduct  unequally  in  all  dii-ections, 
so  that  in  them  the  isothermal  siufaces  tu-e  ellipsoids  with  th,reie 
imequal  axes. 


Relations  of  Form  and  Constitution  ;  Isoinojyhimn. 

Certain  substances,  to  wluch  a  similar  chemical  constitution  is- 
ascribed,  possess  the  remai'kable  property  of  exactly  replacing 
each  other  in  crystallised  compounds,  without  alteration  of  the 
characteristic  geometrical  figm'e.    Such  bodies  are  said  to  be  isomor- 
phous* 

_  For  example,  magnesia,  zinc  oxide,  cupric  oxide,  ferrous  oxide,  and 
nickel  oxide,  are  allied  by  isomorphic  relations  of  the  most  intimate 
nature.  The  salts  formed  by  these  substances  with  the  same  acid 
and  similar  proportions  of  water  of  crystallisation,  are  identical  in 
their  form,  and,  when  of  the  same  coloiu-,  cannot  be  distinguished 
by  the  eye  :  the  sulphates  of  magnesium  and  ziuc  may  be  thus  con- 
founded. These  sulphates,  too,  all  combine  with  potassium  sulphate 
and  ammonia  sulphate,  giving  rise  to  double  salts,  whose  figure  is 
the  same,  but  quite  different  fi-om  that  of  the  simple  sulphates. 
Indeed  this  connection  between  identity  of  form  and  parallelism  of 
constitution  runs  through,  all  their  combinations.. 

In  the  same  manner  alumina  and  u-on  sesquioside  replace  each 
other  continually  without  change  of  crystalline  figm-e  :  the  same 
remark  _  may  be  made  of  the  oxides  of  potassium,  sodium,  and 
ammonium.  The  alumina  in  common  alum  may  be  replaced  by  iron 
sesquioxide,  the  potash  by  ammonia  or  by  soda,  and  stOl  the  figure 
of  the  crystal  remains  unchanged.  These  replacements  may  l)e 
partial  only  :  we  may  have  an  alum  containing  both  potash  and 
ammoma,  or  alumina  and  chromium  sesquioxide.  By  artificial 
management— namely,  by  transferring  the  crystal  successively  to  dif- 
terent  solutions— we  may  have  these  isomorphousand  mutually  replac- 
ing compoimds  distiibuted  ia  diff'erent  layers  upon  the  same  crystal. 

-tor  these  reasons  mixtures  of  isoniorphous  salts  can  never  be 
separated  by  crystallisation,  unless  their  difference  of  solubihty  is 
very  great.  A  mixed  solution  of  ferrous  sulphate  and  nickel 
sulphate,  isomorphous  salts,  yields  on  evaporation  crystals  contain- 
ing both  iron  and  nickel.  But  if  before  evaporation  the  ferrous  salt 
be  converted  into  ferric  salt,  by  chlorine  or  other  means,  then  the 
crystals  obtained  are  free  from  iron,  except  that  of  the  mother-liquor 
which  wets  them.  The  ferric  salt  is  no  longer  isomorphous  with  the 
mckel  salt,  and  easily  separates  from  the  latter. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always 
^tiibitecl  by  isomorphous  substances,  In  other  words,  small  varia- 
tions otten  occur  in  the  magnitude  of  the  angles  of  crystals  of  com- 
pounds which  m  aU  other  respects  show  the  closest  isomorphic 


*  From  lo-os,  e(iual,  and  fio'p0»;,  shape  or  form. 
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•relations.  This  should  occasion  no  surprise,  as  there  are  reasons  why 
such  variations  might  be  expected,  the  chief  perhaps  being  the 
unequal  effects  of  expansion  by  heat,  by  which  the  angles  of  the 
same  crystal  are_  changed  by  alteration  of  temperature.  A  good 
example  is  foimd  ia  the  case  of  the  carbonates  of  calcium,  magnesium, 
manganese,  ii'on,  and  ziac,  which  are  found  native  crystallised  ia  the 
form  of  obtuse  rhombohecbons  (fig.  127,  4),  not  distinguishable  from 
each  other  by  the  eye,  but  exhibituig  small  differences  ia  their 
angles  when  accm-ately  measiu'ed.  These  compoiuids  are  isomorphous, 
and  the  measurements  of  the  obtuse  angles  of  their  rhombohedrons 
are  as  follows  : — 


Calcium  carbonate  ....  105°  5' 

Magnesium    „  ....  107°  25' 

Manganous    „    107°  20' 

Ferrous        •„  ....  107° 

•Zinc             „  ....  107°  40' 


Anomalies  in  the  composition  of  various  earthy  minerals,  which 
formerly  threw  much  obscmity  upon  their  chemical  natui-e,  have 
been  ia  great  measure  explained  by  these  discoveries.  Specimens  of 
the  same  mineral  from  different  localities  were  foimd  to  afford  very 
discordant  results  on  analysis.  But  the  proof  once  given  of  the 
extent  to  which  substitution  of  isomorphous  bodies  may  go,  without 
destruction  of  what  may  be  called  the  primitive  type  of  the  compound, 
these  difficulties  vanish. 

Decision  of  a  doubtful  point  respecting  the  constitution  of  a  com- 
pound may  sometimes  be  very  satisfactorily  made  by  reference  to  its 
isomorphous  relations,  as  ia  the  case  of  alumina  already  mentioned, 
which  is  isomorphous  with  the  sesquioside  of  iron  (p.  250). 

The  dh-ect  deternnnation  of  the  crystalline  forms  of  the  elemen- 
tary bodies  is  often  difficult,  and  the  question  of  then-  isomorphism 
is  complicated  by  the  frequent  dimorphism  which  they  exhibit, 
but  when  compoimds  are  foimd  to  correspond  in  chemical  con- 
stitution and  crystalline  form,  it  may  sometimes  be  inferred  that 
the  elements  composing  them  are  likewise  isomorphous.  Thus,  the 
metals  magnesiimi,  zinc,  iron,  and  copper  are  presumed  to  be 
isomorphous.  Arsenic  and  phosphorus  have  not  the  same  ciystalline 
form  ;  nevertheless  they  are  said  to  be  isomorphous,  because  ai-senic 
and  phosphoric  acids  give  rise  to  combiaations  which  agree  most 
completely  ia  figure  and  constitution.  The  chlorides,  iodides, 
bromides,  and  fluorides  agree,  whenever  they  can  be  observed,  in  the 
most  perfect  manner  :  hence  the  elements  themselves  ai-e  believed 
to  be  isomorphous. 

The  subjoiaed  table,  taken  with  slight  modification  from  Graham's 
"  Elements  of  Chemistiy,"  *  mtII  serve  to  convey  some  idea  of  the 
most  important  families  of  isomorphous  elements  : 


*  Second  edition,  vol  i.  p.  175. 
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Isomorplioics  Gmips. 

a-  (3.)  (6.) 

Sulphur.  Barium  Sodium 

Selejiium  Strontium  Silver 

Tellmium.  Lead.  Thallium 

Gold 

(2.)  (4.)  Potassium 

Magnesiivm  Platimmi.  Ammonium. 

Calcium  Iridium 
Manganese  Osmiimi.  (7.) 

Iron  Chlorine 
Cobalt  (5.)  Iodine 

^^ickel  Tin  Bromine 

Zinc  Titanium  Fluorine 

Cadmium  Zirconium  Cyanogen, 

Copper  Tungsten 
Chromium  Molybdenum  (8.) 

Aluminium.  Tantalimi  Phosphorus 

Glucinum,  Niobium.  Arsenic 

Antimony 

Bismuth 

Yanadium. 

A  comparison  of  this  table  with  that  on  page  265  will  show  that, 
in  many  instances,  isomorphous  elements  exhibit  equal  quautivalence 
or  combining  capacity,  and  more  generally  that  the  isomorphous 
groups  consist  wholly  of  perissad  or  wholly  of  artiad  elements. 
The  only  apparent  exception  to  this  rule  is  afforded  by  tantalimi  and 
niobium,  which,  although  pentads,  are  isomorphous  with  tin, 
tungsten,  and  other  teta-ad  and  hexad  elements. 
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CHEMICAL  AFFINITY. 

^HE  term  Chemical  Affinity,  or  Cliemical  Attraction,  is  used  to 
describe  that  particular  power  or  force,  in  virtue  of  which,  union,  often 
of  a  very  intimate  and  permanent  nature,  takes  place  between  two 
or  more  bodies,  in  such  a  way  as  to  give  rise  to  a  new  substance, 
having,  for  the  most  part,  properties  completely  in  discordance  with 
those  of  its  components. 

THe  attraction  thus  exerted  between  different  kinds  of  matter  is 
to  be  distinguished  from  other  modifications  of  attractive  force  which 
are  exerted  indiscriminately  between  all  descrij^tions  of  substances, 
sometimes  at  enormous  distances,  sometimes  at  intervals  quite 
inappreciable.  Examples  of  the  latter  are  to  be  seen  in  cases  of 
which  is  called  cohesion,  when  the  particles  of  solid  bodies  are 
immovably  bound  together  into  a  mass.  Then  there  are  other 
effects  of,  if  possible,  a  still  more  obscure  Idnd  ;  such  as  the  varioiis 
actions  of  surface,  the  adhesion  of  certain  hquids  to  glass,  the 
repulsion  of  others,  the  ascent  of  water  in  naiTow  tubes,  and  a 
multitude  of  curious  phenomena  which  are  described  in  works  on 
Physics,  imder  the  head  of  molecular  actions.  From  all  these,  tnie 
cheitueal  attraction  may  be  at  once  distinguished  by  the  deep  and 
complete  change  of  characters  which  follows  its  exertion  :  we 
might  indeed  define  affinity  to  be  a  force  by  which  new  substances 
are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each 
other  in  chemical  properties  evince  the  greatest  tendency  to  enter 
into  combination ;  and,  conversely,  bodies  between  which  strong 
analogies  and  resemblance  can  be  traced  manifest  a  much  smaller 
amount  of  mutual  attraction.  For  example,  hydrogen  and  the 
metals  tend  very  strongly  indeed  to  combine  with  oxygen,  chlorine, 
and  iodine,  but  'the  attraction  between  the  different  members  of 
these  two  groups  is  comparatively  feeble.  Sulphiir  and  phosphorus 
stand,  as  it  were,  midway  :  they  combine  -with  substances  of  one  and 
the  other  class,  theii-  properties  separatmg  them  sufficiently  from 
both.  Acids  are  drawn  towards  alkalis,  and  alkalis  towards  acids, 
while  union  among  themselves  rarely  if  ever  takes  place. 

Nevertheless,  chemical  combination  graduates  so  imperceptibly 
into  mere  mechanical  mixtm-e,  that  it  is  often  impossible  to  mark 
the  limit.  Solution  is  the  result  of  a  weak  land  of  affinity  existing 
l)etween  the  suljstance  dissolved  and  the  solvent — an  affinity  so 
feeble  as  completely  to  lose  one  of  its  most  prominent  featm-es 
when  in  a  more  exalted  condition — namely,  power  of  causiug 
elevation  of  temperatiu-e  ;  for  in  the  act  of  mere  solution,  the  teni- 
peratm-e  falls,  the  heat  of  combination  being  lost  and  overpoM'ered 
by  the  eflects  of  change  of  state. 
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The  force  of  chemical  attraction  thus  varies  greatly  with  the 
natm*  of  the  substances  between  which  it  is  exerted  ;  it  is  influenced, 
moreover,  to  a  very  large  extent,  by  external  or  adventitious 
ch'cumstances.  An  idea  formerly  prevailed  that  the  relations  of 
sDffiuity  were  iixed  and  constant  between  the  same  substances,  and 
great  pains  were  taken  in  the  prepai-ation  of  tables  exhibiting  what 
was  called  tlie  precedence  of  affinities.  The  order  pointed  owt  in 
these  lists  is  now  acknowledged  to  represent  the  order  of  precedence 
for  tlie  airmmstances  under  which  the  experiments  were  made,  but 
notliing  more  ;  so  soon  as  these  circumstances  become  changed,  the 
order  is  disturbed.  The  ultimate  eifect,  indeed,  is  not  the  result  of 
the  exercise  of  one  single  force,  but  rather  the  joint  effect  of  a 
number,  so  complicated  and  so  variable  m  intensity,  that  in  the 
greater  number  of  cases  it  is  not  possible  to  predict  the  consequences 
of  a  yet  untried  experiment. 

It  will  be  proper  to  examine  shortly  some  of  these  extraneous 
causes  to  which  allusion  has  been  made,  which  modify  to  so  great 
an  extent  the  direct  and  original  efl'ects  of  the  specific  attractive 
force. 

Alteration  of  temperatiu^  may  be  reckoned  among  these. 
When  metallic  mercury  is  heated  nearly  to  its  boiling  point,  and 
in  that  state  exposed  for  a  long  time  to  the  air,  it  absorbs  oxygen,  and 
becomes  converted  into  a  dark-red  crystalline  powder.  This  very 
same  substance,  when  raised  to  a  still  higher  temperature,  separates 
spontaneously  into  metallic  merely  ^md  oxygen  gas.  It  may  be 
said,  and  probably  with  trutli,  that  the  latter  change  is  greatly  aided 
by  the  tendency  of  1>he  metal  to  assume  the  vaporous  state  ;  but 
precisely  the  same  fact  is  observed  with  another  metal,  palladium, 
which  is  not  volatile,  excepting  at  extremely  high  temperatm-es,  but 
which  oxidises  supei-ficiaUy  at  a  red  heat,  and  again  becomes  reduced 
when  the  temperature  rises  to  whiteness. 

Insolubility  and 'the  power  of  vaporisation  are  perhaps,  beyond  all 
other  disturbing  causes,  the  most  potent ;  they  interfere  in  almost 
every  reaction  which  takes  place,  and  very  frequently  tm-n  the  scale 
when  the  opposed  forces  do  not  greatly  differ  in  energy.  It  is 
easy  to  give  examples.  When  a  solution  of  calcium  chloride  is 
mixed  with  a  solution  of  ammonium  carbonate,  double  interchange 
ensues,  calcium  carbonate  and  ammonium  chloride  being  generated  : 
CaCl2  +  (NH,)2C03=CaC03  +  2NH4Cl.  Here  the  action  can  be 
shown  to  be  in  a  great  measure  determined  by  the  insolubility  of 
the  calcium  carbonate.  On  the  other  hand,  when  dry  calcium 
carbonate  is  powdered  and  mixed  with  ammonium  chloride,  and 
the  whole  heated  in  a  retort,  a  subbmate  of  ammonium  carl)onate  is 
formed,  while  calcium  chloride  remains  behind.  In  this  instance, 
it  is  no  doubt  the  great  volatility  of  the  new  ammoniacal  salt  wMch 
chiefly  determines  the  kind  of  decomposition. 

When  iron  filings  are  heated  to  redness  in  a  porcelain  tube,  and 
vapour  of  water  is  passed  over  them,  the  water  undergoes  decom- 
position with  the  utmost  facility,  hytlrogen  being  rapidly  disengaged 
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and  the  iron  converted  into  oxide.  On  the  other  hand,  oxide  of  iron, 
heated  in  a  tube  through  which  a  stream  of  diy  hydi'ogen  is  passed, 
suffers  almost  instantaneous  reduction  to  the  metallic  state,  while 
the  vapour  of  water,  carried  foi'ward  by  the  current  of  gas,  escapes 
as  a  jet  of  steam  from  the  extremity  of  the  tube.  In  these 
experiments  the  affinities  between  the  iron  and  oxygen  and  the 
hydi-ogen  and  oxygen  are  so  nearly  balanced,  that  the  difference 
of  atmosphere  is  sufficient  to  settle  the  point.  An  atmosphere  of 
steam  oifers  little  resistance  to  the  escape  of  hydi-ogen ;  an  atmo- 
sphere of  hydrogen  bears  the  same  relation  to  steam  ;  and  this 
apparently  trifling  difference  of  circumstances  is  qiute  enough  for 
the  purpose. 

What  is  called  the  nascent  state  is  one  very  favourable  to  chemical 
combiaation.  Thus,  nitrogen  refuses  to  combiue  with  gaseous 
hydr'ogen  ;  yet  when  these  substances  are  simultaneously  liberated 
from  some  previous  combination,  they  unite  with  great  ease,  ae 
when  organic  matters  are  destroyed  by  heat,  or  by  spontaneous 
putrefractive  change. 

There  is  a  remarkable,  and,  at  the  same  time,  very  extensive  class 
of  actions,  grouped  together  imder  the  general  title  of  cases  of 
disposing  affinity.  Metallic  silver  does  not  oxidise  at  any  tempera- 
tm-e  :  nay,  more,  its  oxide  is  easdy  decomposed  by  simple  heat ; 
yet  if  the  finely-divided  metal  be  mixed  with  siliceous  matter  and 
alkaU,  and  ignited,  the  whole  fuses  to  a  yeUow  transparent  glass  of 
silver  siUcate.  Platiaum  is  attacked  by  fused  potassium  hydrate, 
hydi-ogen  being  proljably  disengaged  while  the  metal  is  oxidised  : 
this  is  an  effect  which  never  happens  to  silver  under  the  same  cir- 
cumstances, although  silver  is  a  much  more  oxidable  substfince 
than  platiaum.  The  fact  is,  that  potash  forms  with  the  oxide  of 
the  last-named  metal  a  kind  of  saline  compound,  in  wliich  the 
platinimi  oxide  acts  as  an  acid  ;  and  hence  its  formation  under  the 
disposing  influence  of  the  powerful  base. 

In  the  remarkable  decompositions  suffered  by  various  organic 
bodies  when  heated  in  contact  with  caustic  alkali  or  lime,  we 
have  other  examples  of  the  same  fact.  Products  are  generated 
which  are  never  formed  in  the  absence  of  the  base ;  the  reaction 
is  invariably  less  complicated,  and  its  reults  fewer  in  number  and 
more  defirdte,  than  in  the  event  of  simple  destruction  by  a  graduated 
heat. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  called 
catalytic,  in  which  effects  are  brought  about  by  the  mere  presence 
of  a  substance  which  itself  undergoes  no  perceptible  change  :  the 
experiment  mentioned  in  the  chajDter  on  oxygen,  in  which  that 
gas  is  obtained,  with  the  greatest  facility,  by  heating  a  mixtiu-e  of 
potassiimi  chlorate  and  manganese  dioxide,  is  a  case  in  j)oiut.  Tlie 
salt  is  decomposed  at  a  very  far-  lower  temperature  than  would 
otherwise  be  required,  and  yet  the  manganese  oxide  does  not  appear 
to  undergo  any  alteration,  being  found  after  the  experiment  in  tlie 
same  state  as  before.    It  may,  however,  imdergo  a  temporary 
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alteration.  We  know,  indeed,  that  this  oxide  when  in  contact  with 
alkalis  is  capable  of  taking  np  an  additional  proportion  of  oxygen 
and  forming  manganic  acid ;  and  it  is  quite  possible  that  in  the 
reaction  jnst  considered  it  may  actually  take  oxygen  from  the 
potassium  chlorate,  and  pass  to  the  state  of  a  higher  oxide,  which, 
howev^er,  is  immediately  decomposed,  the  additional  oxygen  being 
.  evolved,  and  the  dioxide  retiu'ning  to  its  original  state.  The  same 
effect  in  facilitating  the  decomposition  of  the  chlorate  is  produced  by 
cupric  oxide,  ferric  oxide,  and  lead  oxide,  aU  of  which  are  known 
to  be  susceptible  of  higher  oxidation.  The  oxides  of  zinc  and 
magnesium,  on  the  contrary,  which  do  not  form  higher  oxides,  ai-e 
not  found  to  facilitate  the  decomposition  of  the  chlorate  ;  neither  is 
any  such  effect  produced  by  mixing  the  salt  with  other  pulverulent 
substances,  such  as  poimded  glass  or  pure  silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with  other 
effects  which  are  much  more  intelligible,  as  the  action  of  finely 
divided  platinum  on  certain  gaseous  mixtm-es,  in  which  the  solid 
appears  to  condense  the  gas  upon  its  greatly  extended  surface,  and 
thereby  to  induce  combination  by  bringing  the  particles  within  the 
sphere  of  their  mutual  attractions. 

Influence  of  Pressure  on  Chemical  Action. — When  a  body  is  decom- 
posed by  heat  in  a  confined  space,  and  one  or  more  of  the  separated 
elements  (ultimate  or  proximate)  is  gaseous,  the  decomposition  goes 
on  until  the  liberated  gas-  or  vapour  has  attained  a  certain  tension, 
greater  or  less  accordiig  to  the  temperature.  So  long  as  this 
temperature  remains  constant,  no  further  decomposition  takes  place, 
neither  does  any  portion  of  the  separated  elements  recombine  :  but 
if  the  temperature  be  raised,  decomposition  recormnences,  and  goes 
on  till  the  liberated  gas  or  vapom-  has  attained  a  certain  higher 
tension,  also  definite  for  that  particirlar  temperature  ;  if  on  the  other 
hand  the  temperature  be  lowered,  recomposition  takes  place,  irntU 
the  tension  of  the  remaining  gas  is  reduced  to  that  which  cor- 
responds with  the  lower  temperature.  These  phenomena,  which  are 
closely  analogous  to  those  exhibited  in  the  vaporisation  of  liquidp, 
have  been  especially  studied  by  Deville  and  Debray.*  DeviUe 
designates  decomposition  under  these  conditions  by  the  term 
"  Dissociation." 

_  When  calcium  carbonate  is  heated  in  an  iron  tube,  from  which  the 
air  has  been  exhausted  by  means  of  a  mercury-pump,  no  decomposi- 
tion takes  place  at  300°,  and  a  scarcely  perceptible  decomposition  at 
440  ;  but  at  800°  (in  vapour  of  cadmium)  it  becomes  very  percep- 
til)le,  and  goes  on  till  the  tension  of  the  evolved  carbon  dioxide 
becomes  equivalent  to  85  millimeters  of  mercury  ;  there  it  stops  so 
long  as  the  temperature  remains  constant ;  but  on  raising  the 
temperature  to  1040°  (in  vapour  of  zinc)  more  carbon  dioxide  is 

*  Watts's  Dictionary  of  Cliemistry,  first  Supplement,  p.  425. 
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evolved  imtil  a  tensioa  equivalent  to  about  520  mm.  is  attained.  If 
the  tension  be  reduced  by  working  the  pump,  it  is  soon  restored  to 
Its  ioimer  value  by  a  fresh  evolution  of  carbon  dioxide.  If,  on  the 
other  hand,  the  apparatus  be  allowed  to  cool,  the  carbon  dioxide  is 
gradually  reabsorbed  by  the  quicklime,  and  a  vacuum  isre-e.'rtablLshed 
in  the  apparatus. 

Sunilar  phenomena  are  exhibited  in  the  efflorescence  of  hydrated 
salts,  and  in  the  decomposition  of  the  compounds  of  ammonia  with 
metallic  chlorides,  in  closed  spaces. 

_  If  the  decomposed  body,  as  well  as  one  at  least  of  its  constituents, 
is  gaseous,  it  is  not  possible  to  obtain  an  exact  measujement  of 
the  maximum  tension  corresponding  with  the  temperature  ;  never- 
theless the  decomposition  is  found  to  take  place  according  to  the 
same  general  law,  ceasing  as  soon  as  the  liberated  gases  have 
obtained  a  certain  tension,  which  is  greater  as  the  temperature  is 
higher. 

It  has  long  been  known  that  chemical  combination  between  any 
two  bodies  capable  of  uniting  dii-ectly,  takes  place  only  at  and 
above  a  certain  temperatm-e,  and  that  the  combination  is  broken 
up  at  a  higher  temperature  ;  but  it  is  only  in  later  years  that  we 
have  become  acquainted  with  the  fact  that  bodies  like  water  begin 
to  decompose  at  temperatures  considerably  below  that  which  they 
produce  m  the  act  of  combining,  and  therefore  that  their  combina- 
tion at  that  temperature  is  never  complete.  Grove  showed  some 
years  ago  that  water  is  resolved  into  its  elements  in  contact  with 
mtensely  ignited  platinum.  This  reaction  has  been  more  closely 
studied  by  Deville,  who  finds  that  when  vapour  of  water  is  passed 
through  a  heated  platinum  tube,  decomposition  commences  at 
960°-1000°  (about  the  melting  point  of  silver),  but  proceeds  only  to 
a  Uimted  extent ;  on  raising  the  temperature  to  1200°,  further  decom- 
position takes  place,  but  again  only  to  a  limited  arnount,  ceasing  in 
fact  as  soon  as  the  liberated  oxygen  and  hydrogen  have  attained  a 
certain  higher  tension.  The  quantity  of  these  gases  actually  collected 
in  this  experiment  is,  however,  very  small,  the  greater  portion  of 
them  recombining  as  they  pass  through  the  cooler  part  of  the 
apparatus,  till  the  tension  of  the  remainder  is  reduced  to  that  which 
corresponds  with  the  lower  temperature. 

The  recombination  of  the  gases  may  be  prevented  to  a  cert-ain 
extent  by  means  of  an  apparatus  consisting  of  a  wide  tube  of  glazed 
earthenware,  through  the  axis  of  which  passes  a  narrower  tube  of 
porous  earthenware,  the  two  being  tightly  fitted  by  perforated  corks 
provided  with  gas-delivery  tubes,  and  the  whole  strongly  heated  by 
a  furnace.  Vapour  of  water  is  passed  thi-ough  the  inner  tube,  carbon 
dioxide  through  the  annular  space  between  the  two,  and  the  gases, 
after  passing  thi'ough  the  heated  tubes,  are  received  over  caustic 
potash-solution.  The  vapour  of  water  is  then  decomposed  by  tlie 
heat  as  before  ;  but  the  hydi-ogen,  according  to  the  laws  of  diffusion, 
passes  through  the  porous  earthenware  into  the  surrounding  atmo- 
sphere of  carbon  dioxide,  being  thus  separated  from  the  oxygen,  which 
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remains  in  llie  inner  tube,  and  becomes  mixed  witli  carbon  dioxide 
passing  tlu'ongh  the  porous  septum  in  the  opposite  dii'ection  to  the 
hydrogen.  As  these  gases  pass  tkrough  the  alkaline  water,  the 
carbon  dioxide  is  absorbed,  and  a  mixtvu-e  of  hydrogen  and  oxygen 
collects  in  the  receiver.  A  gram  of  water  passed  in  the  state  of 
vapour  tlirough  such  an  appxratus  yietlds  about  a  cubic  centimeter 
of  detonating  gas. 

The  retarding  influence  of  pressure  is  seen  also  in  the  action  of 
acids  upon  zinc,  or  the  electrolysis  of  water,  in  sealed  tubes.  In 
these  cases  the  elimination  of  a  gas  is  an  essential  condition  of  the 
change,  and  this  being  prevented,  the  action  is  retarded.  On  the 
other  hand,  there  are  numerous  reactions  wlrich  are  greatly  promoted 
by  increased  pressure — those,  namely,  which  depend  on  the  solution 
of  gases  in  hquids,  or  on  the  prolonged  contact  of  substances  which 
imder  ordinary  pressure  would  be  volatilised  by  heat. 

Relations  of  Seat  to  Chemical  Affinity. — Whatever  may  be  the  real 
natiu-e  of  chemical  affinity,  one  most  important  fact  is  clearly 
established  with  regard  to  it ;  namely,  that  its  manifestations  are 
always  accompanied  by  the  production  or  annihilation  of  heat. 
Change  of  composition,  or  chemical  action,  and  heat  are  mutually 
convertible  :  a  given  amount  of  chemical  action  will  give  rise  to  a 
certain  definite  amoimt  of  heat,  which  quantity  of  heat  must  be 
directly  or  indirectly  expended,  in  order  to  reverse  or  undo  the 
chemical  action  that  has  produced  it.  The  production  of  heat  by 
chemical  action,  and  the  definite  quantitative  relation  between  the 
amoimt  of  heat  evolved  and  the  cjuantity  of  chemical  action  which 
takes  place,  are  roughly  indicated  by  the  facts  of  our  most  familiar 
experience  ;  thus,  for  instance,  the  only  practically  important  method 
of  producing  heat  artificially  consists  in  changing  the  elements  of 
wood  and  coal,  together  wi't.h  atmospheric  oxygen,  into  carbon  dioxide 
and  water  ;  and  every  one  knows  that  the  heat  thus  obtainable  from 
a  giren  quantity  of  coal  ii^  limited,  and  is,  at  least  approximately, 
always  the  same.  The  accurate  measurement  of  the  quantit,y  of 
heat  produced  by  a  given  amount  of  chemical  action  is  a  problem  of 
very  great  difficulty  ;  chiefly  because  chemical  changes  very  seldom 
take  place  alone,  but  are  almost  always  accompanied  by  physical 
changes,  involving  further  calorimetric  effects,  each  of  which  requires 
to  be  accurately  measured  and  allowed  for,  before  the  effect  Awe  to 
the  chemical  action  can  be  rightly  estimated.  Thus  the  ultimate 
result  has,  in  most  cases,  to  be  deduced  from  a  great  number  of 
independent  measurements,  each  liable  to  a  certain  amount  of 
error.^  It  is  therefore  not  surprising  that  the  results  of  various 
experiments  should  difl'er  to  a  comparatively  great  extent,  and 
that  some  uncertainty  should  still  exist  as  to  the  exact  quan- 
tity of  heat  corresponding  with  even  the  simplest  cases  of  chemical 
action. 

The  experiments  are  made  by  enclosing  the  acting  substances  in 
a  vessel  called  a  calorimeter,  surrounded  by  water  or  mercury, 
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the  nse  of  temperature  in  which  indicates  the  quantity  of  heat 
evolved  by  the  chemical  action,  after  the  necessary  corrections 
have  been  made  for  the  heat  absorbed  by  the  containing  vessel 
and  the  other  parts  of  the  apparatus,  and  for  the  amount  lost  by 
radiation,  &c  Combustions  in  oxygen  and  chlorine  are  made  in  a 
copper  vessel  surrounded  by  water;  the  heat  evolved  by  the 
mutual  action  of  liquids  or  dissolved  substances  is  estimated  by 
means  oi  a  smaller  calorimeter  containing  merciu-v  The  con- 
struction of  these  instruments  and,  the  methods  of  observation 
involve  details  which  are  beyond  the  limits  of  this  work  * 

The  following  table  gives  the  quantities,  of  heat,  expressed  in 
Jieat-umts,t  evolved  in  the  combustion  of  various  elements,  and  a 
iew  compoimds,  in  oxygen,  referred  :  (1)  to  1  gram  of  each  substance 
burned  ;  (2.)  to  1  giam  of  oxygen  consumed ;  (3)  to  one  atom  or 
molecule  (expressed  in  grams),  of  the  various  substances  :— 

Heat  of  Combustion  of  Elementary  Substances  in  Oxygen. 


Substance. 


Hydrogen 

Carbon — 

"Wood-charcoal  . 

Gas-retort  carbon 
Native  graphite  . 
Artificial  graphite 
Diamond 
Sulphur — 
Native 

Eecently  melted  . 

Flowers 
Phosphorus — 

(Yellow)  . 
Zinc 
Iron 

Tin  ... 

Copper  . 


Units  . of  heat  evolved. 

Product 

By  1 

gram  of, 
substance. 

By  1 
gram  of 
oxygen 

By  1  at. 
of  sub- 
stance. 

Observer. 

\  33881 
(  34462 

4235 
4308 

33881 
34462 

Andrews. 
Favre  &  Silber- 

CO4 

S  J 
>J 

0-f 

)  J 

(  7900 
I  8080 
8047 
7797 
7762 
7770 

2962 
3030 
3018 
2924 
2911 
2914- 

94800 
96960 
96564 
93564 
93144 
93940 

[mann. 
Andrews. 
Favre  &  Silber- 

,,  [mann. 

>» 

so, 

f) 
)» 

2220 
2260 
2307 

2220 
2260 
23&7 

71040. 
72320 
73821 

)» 

Andrews. 

P^Oa 
ZuO 
FegO, 
SnO^ 
CuO 

5747 
1330, 
1582 
1147- 
603. 

4454 
5390 
4153 
4230 
2394 

178157 
8645t) 
88592 

135360 
38304 

;i 
>> 
jj 
If 

*  See  Miller's  Chemical  Physics,  pp.  338,  et  seq.,  and  Watts's  Dictionary  of 
Chemistry,  ui.  28,  103.  •' 

t  Tlie  unit  of  heat  here  adopted,  is  the  quantity  of  lieat  required  to  raise 
1  gram  of  water  from  0  to  1  C. 
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The  foUomng  results  have  been  obtained  by  the  complete  com- 
bustion of  partially  oxidised  substances  : — 


'Units  of  Iieat  evolved. 

Substance. 

Prodtict. 

T?v  1  rri'iiTn 

of 

substance. 

In  f'omiation 
nf  1  molecule 
of  the  ultimate 
product. 

Observer. 

Carbon  monoxide,  ) 

CO    .  . 

CO, 

1  2403 
1  2431 

67284 
68064 

(  Favre  &  Sil- 
(  bermann. 
Andrews. 

Stannous  oxide,  SnO 

SuOs 

519 

69584 

)> 

Cuprous  oxide,  CujO 

CuO 

256 

18304 

)3 

The  last  three  substances  in  this  table  contain  exactly  half  as 
much  oxygen  as  the  completely  oxidised  products  ;  and  on  compar- 
ing the  amotmt  of  heat  evolved  in  the  formation  of  one  molecule  of 
stannic  or  cupric  oxide  from  the  corresponding  lower  oxide,  with 
the  quantity  produced  when  a  molecule  of  the  same  product  is 
formed  by  the  complete  oxidation  of  the  metal  in  one  operation, 
we  find  that  the  combination  of  the  second  half  of  the  oxygen  con- 
tained in  these  bodies  evolves  sensibly  haK  as  much  as  the  combina- 
tion of  the  whole  c[uantity.  In  the  formation  of  carbon  dioxide, 
however,  the  second  half  of  the  oxygen  appears  to  develop  more  than 
two-thirds  of  the  total  amount  of  heat ;  but  this  result  is  probaljly 
due,  in  part_  at  least,  to  the  fact  that  when  carbon  is  burned  into 
carbon  dioxide,  a  considerable  but  imhnown  quantity  of  heat  is 
expended  in  converting  the  solid  carbon  into  gas,  and  thus  escapes 
measurement ;  while,  in  carljon  monoxide,  the  carbon  already  exists 
in  the  gaseous  form,  and  tberefore  no  portion  of  the  heat  evolved  in 
the  combustion  of  this  substance  is  sirnilarly  expended  in  producing 
a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given 
of  the  inequalities  in  the  quantities  of  heat  produced  by  the  com- 
bustion of  different  varieties  of  pure  carbon  and  of  sulphur— that  is 
to  say,  that  a  portion  of  the  heat  generated  by  the  combustion  of 
diamond  and  graplute  goes  to  assimilate  their  molecular  condition 
to  that  of  wood-charcoal,  and  that  there  is  an  analogous  expenditure 
of  heat  in  the  combustion  of  native  sulphur. 

The  quantities  of  heat  evolved  in  the  comlnnation  of  chloi-ine, 
bromine,  and  iodine  with  other  elements  have  been  determined  by 
Favi-e  and  Silberraann,  Andrews,  and  others  ;  but  we  must  refer  to 
larger  works  for  the  results.* 

*  Watts'a  Dictionary  of  Cliomiatry,  iii.  109. 
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Reactions  in  Presence  of  Water. — The  thermal  effects  which  may- 
result  from  the  reaction  of  different  substances  on  one  another  in. 
presence  of  water,  are  more  compHcated  than  those  resulting  from 
direct  combiaation.  In  addition  to  the  different  specific  heats  of  the 
re-agents  and  products,  and  to  the  different  quantities  of  heat 
absorbed  by  them  in  dissolving,  or  given  out  by  them  in  combining 
with  water,  the  conversion  of  soluble  substances  into  insoluble  ones, 
as  a  consequence  of  the  chemical  action,  or  the  inverse  change  of 
insoluble  into  soluble  bodies,  are  among  the  secondary  causes  to 
which  part  of  the  calorimetric  effect  may  be  due  ia  these  cases. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical 
action  is  augmented  by  that'  due  to  the  liquefaction  of  the  gas  ;  so 
also  when  a  solid  body  is  dissolved  in  water,  the  total  thei-mal  effect 
is  due  in  part  to  the  chemical  action  taking  place  between  the  water 
and  the  solid,  and  in  part  to  the  liquefaction  of  the  substance  dis- 
solved. In  the  former  case  the  chemical  and  physical  parts  of  the 
phenomena  both  cause  evolution  of  heat ;  in  the  latter  case  the 
physical  change  occasions  disappearance  of  heat,  and  if  this  effect  is 
greater  than  that  due  to  the  chemical  action,  the  ultimate  effect  is 
the  production  of  cold,  and  it  is  this  which  is  geaeraUy  observed. 

Gold  produced  hy  Chemical  Decomposition. — It  is  highly  probable 
that  the  thermal  effect  of  the  reversal  of  a  give  a  cheinical  action  is 
in  all  cases  equal  and  opposite  to  the  thennal  effect  of  that  action 
itself.  A  direct  consequence  of  this  proposition  is  that  the  separa  tion 
of  any  two  bodies  is  attended  with  the  absorption  of  a  quantity  of  heat 
equal  to  that  which  is  evolved  in  their  combination.  The  truth  of 
this  deduction  has  been  experimentally  established  in  various  case?, 
by  Wood,*  Joule,t  and  Favre  and  Silbermann,  by  comparing  the 
heat  evolved  in  the  electrolysis  of  dilute  sulphuric  acid,  or  solutions 
of  metallic  salts,  with  that  which  is  developed  in  a  thin  metaUic  wii-e 
by  a  cm-rent  of  the  same  strength  :  also  by  comparison  of  the  heat 
evolved  in  processes  of  combination  accompanied  by  simultaneous 
decomposition,  with  that  evolved  when  the  same  combination  occirrs 
between  fi-ee  elements. 

By  determining  the  heat  evolved  when  different  metals  were 
dissolved  in  water  or  dilute  acid,  Wood  foimd  that  it  was  less  than 
that  which  would  be  produced  by  the  direct  oxidation  of  the  same 
metals,  by  a  quantity  equal  to  that  which  would  be  obtained  by 
burning  the  hydrogen  set  free,  or  which  was  expended  in  decompos- 
ing the  water  or  acid ;  and,  therefore,  that  when  this  latter  quantity 
was  added  to  the  results,  they  agreed  with  the  numbers  given  by 
experiments  of  direct  oxidation. 


*PhiL  Mag.  [4]  ii.  368  ;  iv.  370. 
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ELECTRO-CHEMICAL  DECOMPOSITION ;  CHEMISTRY 
OF  THE  VOLTAIC  PILE. 

When  a  voltaic  current  of  considerable  power  is  made  to  traverse 
various  compound  liquids,  a  separation  of  the  elements  of  these 
liquids  ensues  r  provided  that  the  liquid  be  capable  of  conducting  the 
om-reut,  its  decomposition  almost  always  foUdws. 

The  elements  are  disengaged  solely  at  the  limiting  surfaces  of  the 
liquid,  where,  according  to  the  common  mode  of  speech,  the  cm-rent 
eaters  and  leaves  the  latter,  aU  the  intermediate  portions  appearing 
perfectly  quiescent.  In  addition,  the  elements  are  not  separated 
indifferently  and  at  random  at  these  two  surfaces ;  but,  on  the 
.  contrary,  make  their  appearance  with  perfect  uniformity  and  con- 
stancy at  one  or  the  other,  according  to  their  chemical  character, 
namely,  oxygen,  chlorine,  iodine,  acids,  &c.,  at  the  smface  connected 
with  the  cop2}er,  or  positive  end  of  the  battery  ;  hydi'ogen,  the  metals, 
&c.,  at  the  surface  in  connection  with  the  zinc,  or  negative  extremity 
of  the  arrangement. 

The  tenninations  of  the  battery  itself— usually,  but  by  no  means 
necessarily,  of  metal — are  designated  poles  or  electrodes*  as  by  their 
intervention  the  liquid  to  be  experimented  on  is  made  a  pai't  of  the 
circuit.  The  process  of  decomposition  by  the  current  is  called 
electrolysis,^  and  the  liquids,  which,  when  thus  treated,  yield  up  their 
elements,  are  denominated  electrolytes. 

When  a  pair  of  platinum  plates  are  plunged  into  a  glass  of  water 
to  which  a  few  drops  of  oil  of  vitriol  have  been  added,  and  the 
plates  connected  by  wires  with  the  extremities  of  an  active  battery, 
oxygen  is  disengaged  at  the  positive  electrode,  and  hydi-ogen  at  the 
negative,  in  the  proportion  of  one  measm'e  of  the  former  to  two  of 
the  latter  nearly.  This  experiment  has  abeady  been  described.^ 
_  A  solution  of  hydrochloric  acid  mixed  with  a  Littie  Saxon  blue 
(indigo),  and  treated  in  the  same  manner,  yields  hydrogen  on  the 
negative  side  and  chlorine  on  the  positive,  the  indigo  there  becomin."- 
bleached.  " 

Potassium  iodide  dissolved  in  water  is  decomposed  in  a  similar 
manner  :  the  fi-ee  iocUne  at  the  positive  side  can  be  recognised  by 
Its  brown  colour,  or  by  the  addition  of  a  little  gelatinous  starch. 

All  iKpiids  are  not  electrolytes  ;  many  refuse  to  conduct,  and  no 
decomposition  can  then  occur ;  alcohol,  ether,  numerous  essential 
oils,  and  other  products  of  organic  chemistry,  besides  a  few  saline 
inorganic  compounds,  act  in  this  manner,  and  completely  arrest  the 
current  of  a  powerful  battery. 

One  of  the  most  important  and  indispensable  conditions  of  elec- 

*  From  fAcKTpov,  antl  twtk,  a  way, 

t  *'iom  i'lKeK-rpou,  and  Xvetu,  to  loose.  t  Pngo  138. 
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trolysis  IS  flmdity  ;  bodies  which,  when  reduced  to  the  liquid  state 
conduct  freely,  and  as  freely  suffer  decomposition,  Ijecome  absolute 
insulators  to  the  electricity  of  the  battery  when  they  become  solid 
Lead  chloride  offers  a  good  illustration  of  this  fact :  when  fused  in 
a  porcelain  crucible,  it  gives  up  its  elements  with  the  utmost  ease 
and  a  galvanometer,  interposed  in  the  cii-cuit,  is  strongly  affected! 
But  when  the  source  of  heat  is  withdra^Ti,  and  the  salt  suffered  to 
solidify,  signs  of  decomposition  cease,  and  at  the  same  moment  the 
magnetic  needle  reassumes  its  natural  position,  In  the  same  manner 
the  thinnest  film  of  ice  arrests  the  cm-rent  of  a  powerful  voltaic 
apparatus ;  but  the  instant  the  ice  is  liquefied,  so  that  water  com- 
munication IS  restored  between  the  electrodes,  the  current  ao-ain 
passes,  and  decomposition  occurs.  Fusion  by  heat,  and  solution  in 
aqueous  liquids,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  electric 
current  without  being  decomposed  ;  but  still  there  are  a  few  excep- 
tions to  this  statement,  which  perhaps  are  more  apparent  than  real. 
Thus  Hittorf  has  shown  that  fused  silver  sulphide,  which  was 
formerly  regarded  as  one  of  the  exceptions,  cannot  be  considered  to 
be  so,  and  Beetz  has  since  proved  the  same  to  be  the  case  as  regards 
merciuic  iodide  and  lead  fluoride. 

The  quantity  of  any  given  compoimd  liquid  which  can  be  decom- 
posed by  any  given  electric  battery  depends  on  the  resistance  of  the 
liqmd  :  the  more  resistance  the  less  decomposition,  DistiUed  water 
has  only  a  small  power  of  conduction,  and  is  therefore  only  sliohtly 
decomposed  by  a  battery  of  30  to  40  pairs  ;  whilst  diluted  sulphuric 
acid  is  one  of  the  best  of  fluid  conductors,  and  underc^oes  rapid 
decomposition  by  a  small  battery.  ° 

When  a  liquid  which  can  be  decomposed,  and  a  galvanometer,  are 
included  in  the  circuit  of  an  electric  current,  if  the  needle  of  the 
galvanometer  be  deflected,  it  may  be  always  assumed  as  certain 
that  a  portion  of  liquid,  bearing  a  proportion  to  the  sti-ength  of  the 
current,  is  decomposed,  although  it  may  be  impossible  "in  many 
cases,  Avithout  special  contrivances,  to  detect  the  products  of  the 
decomposition,  on  account  of  their  minuteness. 

The  metallic  terminations  of  the  battery,  the  poles  or  electrodes, 
have,  in  themselves,  nothing  in  the  shape  of  attractive  or  repulsive 
power  for  the  elements  separated  at  theii-  surfiices.  Finely  di^^ded 
metal  suspended  in  water,  or  chlorine  held  in  solution  in  that  Kquid, 
shows  not  the  least  symptom  of  a  tendency  to  accumulate  aroimd 
them  ;  a  single  element  is  altogether  imaftected— directly,  at  least ; 
separation  from  previous  combination  is  required,  in  order  that  this 
appearance  should  be  exhibited. 

It  is  necessary  to  examine  the  process  of  elecfa'olysis  a  little  more 
closely.  When  a  portion  of  hydrochloric  acid,  for  example,  is  sub- 
jected to  decomposition  in  a  glass  vessel  vnth  parallel  sides,  chlorine 
is  disengaged  at  the  positive  electrode,  and  hydrogen  at  the  negiitive  : 
the  gases  are  perfectly  pure  and  unmixed.  If,  while  the  decomposi- 
tion is  rapidly  proceeding,  the  intervening  liquid  be  examined  by  a 
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beam  of  light,  or  by  other  means,  not  the  slightest  disturbance  or 
movement  of  any  kind  will  be  perceived  ;  nothing  like  currents  in 
the  liquid  or  bodily  transfer  of  gas  from  one  part  to  another  can  be 
detected;  and  yet  two  portions  of  hydrochloric  acid,  separated 
perhaps  by  an  interval  of  four  or  five  inches,  may  be  respectively 
evolving  pure  chlorine  and  pure  hydrogen. 

_  There  is,  it  would  seem,  but  one  mode  of  explaining  this  and  all 
similar  cases  of  regular  electrolytic  decomposition :  this  is  by  assum- 
ing that  aU  the  particles  of  hydrochloric  acid  between  the  electrodes, 
and  by  which  the  current  is  conveyed,  simultaneously  suft'er  decom- 
position, the  hydrogen  travelling  in  one  direction,  and  the  chlorine 
in  the  other.  The  neighbouring  elements,  thus  brought  into  close 
proximity,  imite  and  reproduce  hydrochloric  acid,  again  destined  to 
be  decomposed  by  a  repetition  of  the  same  change.  In  this  manner 
each  particle  of  hydrogen  may  be  made  to  travel  in  one  direction, 
by  becoming  successively  imited  to  each  particle  of  chlorine  between 
itself  and  the  negative  electrode  ;  when  it  reaches  the  latter,  finding 
no  clisengaged  particle  of  chlorine  for  its  reception,  it  is  rejected, 
as  it  were,  from  the  series,  and  thrown  off  in  a  separate  state. 
The  same  thing  happens  to  each  particle  of  chlorine,  which  at 
the  same  time  passes  contiaually  in  the  opposite  direction,  by 
combining  successively  with  each  particle  of  hycbogen,  that  moment 
separated,  with  which  it  meets,  until  at  length  it  arrives  at  the 
positive  plate  or  wii-e,  and  is  disengaged.  A  succession  of  particles 
of  hydrogen  is  thus  continually  thrown  off  from  the  decomposing 
mass  at  one  extremity,  and  a  corresponding  succession  of  particles 
of  chlorine  at  the  other.  The  power  of  the  current  is  exerted 
with  equal  energy  in  every  part  of  the  lic[uid  conductor,  though 

Fig.  132. 


Hydrocliloric  ackl  in  its  usual  state. 

its  effects  become  manifest  only  at  the  very  extremities.  The  action 
13  one  of  a  purely  molecular  or  internal 'natm-e,  and  the  metallic 

FiK.  133, 


Hydrocliloric  acid  undergoing  electrolysis. 

Jhe'^onnlrHn^l!^.'  T'"^^  ^^^^^  ^^^^  P^^P^^^^  «f  completing 

the  connection  between  the  latter  and  the  liquid  to  be  decomposed 
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The  figures  132  and  133  are  intended  to  assist  the  imagination  of  the 
reader,  who  must  at  the  same  time  avoid  regarding  them  in  any 
other  light  than  that  of  a  somewhat  figurative  mode  of  representing 
the  jjlienomena  described.  The  circles  are  intended  to  indicate  the 
elements,  and  are  distinguished  by  their  respective  symbols. 

Like  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  electri- 
city, are  split  into  two  constituents,  which  pass  in  opposite  directions. 
Substances  of  the  one  class,  like  oxygen,  chlorine,  &c.,  are  evolved 
at  the  positive  electrode ;  those  of  the  other  class,  like  hydrogen 
and  the  metals,  at  the  negative  electrode. 

It  is  of  importance  to  remark  that  oxygen-salts,  such  as  sulphates 
and  nitrates,  when  acted  on  by  the  cim-ent,  do  not  divide  into  acid 
and  basic  oxide,  but,  as  Daniell  and  Miller  proved,  into  metal  and  a 
compound  substance,  or  group  of  elements,  which  is  transferred  in 
such  a  state  of  association  that,  as  regards  its  electrical  beha\dour,  it 
represents  an  element.  Thus,  cupric  sulphate,  CuSO^,  splits,  not 
into  SO3  and  CuO,  but  into  metallic  copper  and  sidphione,  S0^.  Hy- 
drogen sulphate,  or  sul]5huric  acid,  H2SO4,  divides  into  the  saine 
compound  group  and  hydrogen,  In  a  similar  way,  also,  the  part  of 
the  electrolyte  which  passes  to  the  negative  pole  may  consist  of  a 
group  of  elements.  A  solution  of  sal-ammoniac,  NH^Cl,  furnishes  a 
beautiful  instance  of  this  fact,  since  it  is  decomposed  by  the  current 
in  such  a  manner  that  the  ammonium,  NH^,  goes  to  the  negative 
pole,  where  it  is  resolved  into  ammonia,  NH3,  and  fi-ee  hydrogen, 
and  the  chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  ti-ue  and  regular 
electrolysis,  and  what  is  called  secondary  decomposition,  brought 
about  by  the  reaction  of  the  liodies  so  eliminated  upon  the  sm-round- 
ing  liquid,  or  upon  the  substance  of  the  electrodes  :  hence  the  advan- 
tage of  platinum  for  the  latter  purpose,  when  electrolytic  actions  ai-e 
to  he  studied  in  their  greatest  simplicity,  that  metal  being  scarcely  at- 
tacked by  any  ordinary  agents.  When,  for  example,  a  solution  of  lead 
nitrate  or  acetate  is  decomposed  by  the  current  between  platinum 
plates,  metallic  lead  is  deposited  at  the  negative  side,  and  a  bro-mi 
powder,  lead  dioxide,  at  the  positive  :  the  latter  substance  is  the  re- 
sult of  a  secondary  action  ;  it  proceeds,  in  fact,  from  the  nascent  oxy- 
gen, at  the  moment  of  its  liberation,  reacting  upon  the  monoxide  of 
lead  present  in  the  salt,  and  convei'ting  it  into  dioxide,  wliich  is 
insoluble  in  the  dilute  acid.  "\'\rhen  nitric  acid  is  decomposed,  no 
hydrogen  appears  at  the  negative  electrode,  because  it  is  oxidised  at 
the  expense  of  the  acid,  which  is  reduced  to  nitrous  acid.  When 
potassium  sulphate,  KgSO^,  is  electrolysed,  hydi'ogen  appears  at  the 
negative  electrode,  together  with  an  eqrrivalent  quantity  of  potassium 
hydi'oxide,  KHO,  because  the  potassium  which  is  evolved  at  the 
electrode  immediately  decomposes  the  water  there  present.  At  the 
same  time,  the  sulphione,  SO4,  which  is  transferred  to  the  positive 
electrode,  takes  hydrogen  from  the  water  there  present,  forming  sul- 
phuric acid,  HgSO,,  and  liberating  oxygen.  In  like  manner  hydro- 
gen sulphate,  or  smphuric  acid  itself,  is  resolved  by  the  current  into 
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hydrogen  and  sulphione,  which  latter  decomposes  the  water  at  the 
positive  electrode,  reproducing  hydrogen  sulphate,  and  liberating 
oxygen,  just  as  if  the  water  itself  were  du-ectly  decomposed  by  the 
current  into  hydrogen  and  oxygen.  A  similar  action  takes  place  in 
the  electrolytic  decomposition  of  any  other  oxygen  salt  of  an  alkali- 
metal,  or  alkaline  earth-metal,  alkali  and  hydi-ogeu  gas  making 
thek  appearance  at  the  negative  electrode,  acid  and  oxygen  gas  at 
the  positive  electrode.  This  observation  explains  a  circumstance 
which  much  perplexed  the  earlier  experimenters  upon  the  chemical 
action  of  the  voltaic  battery.  In  all  experiments  in  wliich  water 
was  decomposed,  both  acid  and  alkali  were  liberated  at  the  electrodes, 
even  though  distilled  water  was  employed ;  and  hence  it  was 
beheved  for  some  time  that  the  voltaic  cirrrent  had  some  mysterious 
power  of  generatmg  acid  and  alkaline  matter.  The  true  som-ce  of 
these  compounds  was,  however,  traced  by  Davy,*  who  showed  that 
they  proceeded  from  impurities  either  in  the  water  itself,  or  in  the 
vessels  which  contained  it,  or  in  the  surrounding  atmosphere. 
Having  proved  that  ordinary  distilled  water  always  contains  traces 
of  saline  matter,  he  redistilled  it  at  a  temperature  below  the  boiling 
point,  in  order  to  avoid  all  risk  of  carrjmig  over  salts  by  splasliing. 
He  then  found  that  when  marl^le  cups  were  used  to  contain  the 
water  used  for  decomposition,  hydrochloric  acid  appeared  at  the  posi- 
tive electrode,  soda  at  the  negative,  both  being  derived  from  sodium 
chloride  present  in  the  marble ;  when  agate  cups  were  used,  he 
obtained  silica  ;  and  when  he  used  gold  vessels,  he  obtained  nitric 
acid  and  ammonia,  which  he  traced  to  atmospheric  air.  By  operat- 
ing in  a  vacuum,  indeed,  the  quantity  of  acid  and  alkali  was  reduced 
to  a  minimum,  but  the  decomposition  was  almost  arrested,  although 
he  operated  with  a  battery  of  fifty  pairs  of  4-inch  plates.  Hence  it 
is  manifest  that  water  itself  is  not  an  electrolyte,  but  that  it  is  enabled 
to  convey  the  current  if  it  contains  only  traces  of  saline  matter.t 

Definite  Chemical  Action  of  the  Electric  Current. — If  a  number  of 
different  electrolytes,  such  as  dilute  sulphuric  acid,  cupric  sulphate, 
potassium  iodide,  fused  lead  chloride,  &c.,  be  arranged  in  a  series, 
and  the  same  current  be  made  to  traverse  the  whole,  all  will  suffer 
decomposition  at  the  same  time,  Imt  by  no  means  to  the  same 
amount.  If  arrangements  be  maile  by  which  the  quantities  of  the 
ebminated  elements  can  be  acciu'ately  ascertained,  it  will  be  found, 
when  the  decomposition  has  proceeded  to  some  extent,  that  these 
latter  have  been  disengaged  exactly  in  the  rchtio  of  their  chemical 
ecpiivalents.  The  same  current  which  decomposes  9  parts  of  water 
will  separate  into  their  elements  166  parts  of  potassiuni  iodide,  139 
parts  of  lead  chloride,  &c.  Hence  the  very  important  conclusion  : 
The  action  of  the  current  is  perfectly  definite  in  its  nature,  producing 
«  fixed  and  constant  amount  of  decomposition,  expressed  in  each 
electrolyte  by  the  value  of  its  chemical  equivalent. 

From  a  very  extended  series  of  experiments,  based  on  this  and 

*  Philosophical  Transactiong,  1807.         f  Miller's  Chemical  Physics,  p.  484. 
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other  methods  of  research,  Faraday  was  enahled  to  draw  the  general 
inference  that  effects  of  chemical  decomposition  are  always  propor- 
tionate to  the  quantity  of  cii'culating  electricity,  and  may  he  taken 
as  an  accurate  and  trustworthy  measure  of  the  latter.  Guided  by 
this  highly  important  principle,  he  constructed  his  voltameter,  an 
instrument  which  has  rendered  the  greatest  service  to  electrical 
science.  This  is  merely  an  arrangement  by  which  dilute  sulphmic 
^.^  ^  acid  is  decomposed  by  the  cui'rent,  the  gas 

'  evolved  being  collected  and  measured. 

By  placing  such  an  instrument  in  any 
part  of  the  circuit,  the  quantity  of  electiic 
force  necessary  to  produce  any  given 
effect  can  be  at  once  estimated;  or,  on 
the  other  hand,  any  required  amount  of 
the  latter  can  be,  as  it  were,  measured 
out  and  adjusted  to  the  object  in  view. 
The  voltameter  has  received  many  dif- 
ferent forms  :  one  of  the  most  extensively 
useful  is  that  shown  m  fig.  134,  in  which 
the  platinum  plates  are  separated  by  a  very 
small  interval,  and  the  gas  is  collected  in 
a  graduated  jar  standing  on  the  shelf  of 
the  pneumatic  trough,  the  tube  of  the  rustrmnent,  which  is  filled 
to  the  neck  with  dilute  sulphmic  acid,  being  passed  beneath  the  jar. 

The  decompositions  produced  by  the  voltaic  battery  can  be 
effected  by  the  electricity  of  the  common  macMne,  by  that  developed 
by  magnetic  action,  and  by  that  of  animal  origiu,  but  to  an  extent 
incomparably  more  minute.  This  arises  fi-om  the  very  small 
quantity  of  electricity  set  ia  motion  by  the  machine,  although  its 
tension- — that  is,  power  of  overcoming  obstacles,  and  passing  through 
imperfect  conductors — is  exceedingly  great.  A  pair  of  small  -wares 
of  zinc  and  platiuum,  dipping  into  a  single  drop  of  dilute  acid, 
develops  far  more  electricity,  to  judge  from  the  chemical  effects  of 
such  an  arrangement,  than  very  many  turns  of  a  large  plate  elec- 
trical machine  in  powerful  action.  Nevertheless,  polar  or  electro- 
lytic decomposition  can  be  distinctly  and  satisfactorily  effected  by 
the  latter,  although  on  a  minute  scale. 

Theory  of  the  Voltaic  Battery. — "With  a  knowledge  of  the  prin- 
ciples just  laid  down,  the  studj^  of  the  voltaic  battery  may  be  re- 
sumed and  completed.  In  the  fii'st  place,  two  very  difl'erent  views 
have  been  held  concerning  the  som-ce  of  the  electrical  disturbance 
in  that  apparatus.  Volta  himself  ascribed  it  to  mere  contact  of 
dissimilar  metals  or  other  substances  conducting  electricity, — to 
what  was  denominated  an  electro-motive  force,  called  into  being 
by  such  contact.  Proof  was  supposed  to  be  given  of  this  funda- 
mental proposition  by  an  experiment  in  which  discs  of  zinc  and 
copper  attached  to  insulating  handles,  after  bein"  brought  into 
close  contact,  were  found,  by  the  aid  of  a  very  delicate  gold-leaf 
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electi'oscope,  to  l)e  in  opposite  electrical  states.  It  appears,  however, 
that  the  more  carefully  this  exjDeriment  is  made,  the  smaller  is  the 
eflect  observed ;  and  hence  it  is  judged  highly  probable  that  the 
whole  may  be  due  to  accidental  causes,  against  which  it  is  almost 
impossible  to  guard. 

On  the  other  hand,  the  observation  was  soon  made  that  the  power 
of  the  battery  always  bears  some  kind  of  proportion  to  the  chemical 
action  upon  the  zinc ;  that,  for  instance,  when  piu'e  water  is  used, 
the  effect  is  extremely  feeble ;  with  a  solution  of  salt,  it  becomes 
much  greater ;  and,  lastly,  with  dilute  acid,  greatest  of  all ;  so  that 
some  relation  evidently  exists  between  the  chemical  effect  upon  the 
metal  and  the  evolution  of  electrical  force. 

The  experiments  of  Faraday  and  Daniel  have  given  very  great 
support  to  the  chemical  theory,  by  showing  that  the  contact  of  dis- 
similar metals  is  not  necessary  in  order  to  call  into  being  powerful 
electrical  cm-rents,  and  that  the  development  of  electrical  force  is 
not  only  in  some  way  connected  with  the  chemical  action  of  the 
liquid  of  the  hattery,  but  that  it  is  always  in  direct  proportion  to 
the  latter.  One  very  beautiful  experiment,  in  which  electrolytic 
decomposition  of  potassiiim  iodide  is  performed  by  a  current  gene- 
rated without  any  contact  of  dissimilar  metals,  can  be  thus  made : — 
A  plate  of  zinc  is  hent  at  a  right  angle,  and  cleaned  by  rubbing 
with  sand-paper.  A  plate  of  platinum  has  a  wire  of  the  same 
metal  attached  to  it  by  careful  riveting,  and  the 
wire  is  bent  into  an  arch.  A  piece  of  folded  filter- 
paper  is  wetted  with  solution  of  potassium  iodide, 
and  placed  upon  the  zinc ;  the  platinum  plate  is 
arranged  opposite  to  the  latter,  with  the  end  of  its 
wire  resting  upon  the  paper ;  and  then  the  pair  is 
phmged  into  a  glass  of  dilute  sulphuric,  mixed 
with  a  few  drops  of  nitric  acid.  A  brown  spot  of 
iodine  becomes  in  a  moment  evident  beneath  the 
extremity  of  the  platiaum  wire— that  is,  at  the 
positive  side  of  the  arrangement. 

A  strong  argument  in  favour  of  the  chemical 
view  is  founded  on  the  easily  provetl  fact,  that  the 
direction  of  the  current  is  determined  by  the  kind 
of  action  upon  the  metals,  the  one  least  attacked  being  always 
positive.  Let  two  polished  plates,  the  one  iron  and  the  other 
copper,  be  coimected  hy  wires  with  a  galvanometer,  and  then 
immersed  in  a  solution  of  an  alkaline  sulphide.  The  needle  in  a 
moment  indicates  a  powerful  current,  passing  from  the  copper 
through  the  liquid  to  the  iron,  and  back  again  through  the  wu-e. 
Let  the  plates  be  now  removed,  cleaned,  and  plunged  into  dilute 
acid  ;  the  needle  is  again  driven  round,  but  in  the  opposite  direction, 
the  current  now  passing  from  the  iron  through  the  liquid  to  the 
copper.  In  the  first  instance,  the  copper  is  acted  upon,  and  not  the 
iron ;  in  the  second,  these  conditions  are  reversed,  and  with  them 
the  direction  of  the  current. 


Fig.  135. 
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_  The  metals  employed  in  the  construction  of  voltaic  Ijatteries  are 
zinc  for  the  active  metal,  and  coj^per,  silver,  or,  still  hetter,  pla- 
tinum, for  the  inactive  one  :  the  greater  the  difference  of  oxidability, 
the  better  the  arrangement.  The  liquid  is  either  dilute  sulphui'ic 
acid,  sometimes  mixed  with  a  little  nitric,  or  occasionally,  where 
very  slow  ,and  long-continued  action  is  wanted,  salt  and  water. 
To  obtain  the  maximum  effect  of  the  apparatus  with  the  least 
expenditure  of  zinc,  that  metal  must  be  employed  in  a  pure  staf;e, 
or  its  siu'face  must  be  covered  with  an  amalgam,  which  in  its 
electrical  relations  closely  resembles  the  pui'e  metal.  The  zinc  is 
easily  brought  into  this  condition  by  wetting  it  with  dilute  sul- 
phuric acid,  and  then  rubbing  a  little  mercury  over  it,  by  means 
of  a  piece  of  rag  tied  to  a  stick. 

The  principle  of  the  compound  battery  is,  perhaps,  best  seen  in 
the  crown  of  cups :  by  each  alternation  of  zinc,  fluid,  and  copper,  the 
current  is  lu-ged  forwards  with  increased  energy;  its  intensity  is 
augmented,  but  the  actual  amount  of  electrical  force  thi-o-mi  into 
the  current  form  is  not  increased.  The  quantity,  estimated  by  its 
decomposing  power,  is,  in  fact,  determined  by  that  of  the  smallest 
and  least  active  pair  of  plates,  the  quantity  of  electricity  in  every 
part  or  section  of  the  cii-cuit  being  exactly  equal.  Hence  large  and 
small  plates,  batteries  strongly  and  weakly  charged,  can. never  be 
connected  without  great  loss  of  power. 

When  a  battery,  either  simple  or  compound,  constructed  with 
pure  or  with  amalgamated  zinc,  is  charged  with  dilute  sulphuric 
acid,  a  number  of  highly  interesting  phenomena  may  be  observed. 
While  the  circuit  remains  broken,  the  zinc  is  perfectly  inactive,  no 
acid  is  decomposed,  no  hydrogen  liberated ;  but  the  moment  the  con- 
nection is  completed,  torrents  of  hydrogen  arise,  not  from  the  zinc, 
but  from  the  copper  or  platinum  siu-faces  alone,  while  the  zinc  under- 
goes tranqiul  and  imperceptible  oxidation  and  solution.  Thus, exactly 
the  same  effects  are  seen  to  occur  in  every  active  cell  of  a  closed  cir- 
cuit, that  are  witnessed  in  a  portion  of  sulphuric  acid  imdergoing 
electrolysis :  oxygen  appears  at  the  j^ositive  side,  v.-ith  respect  to  the 
current,  and  hydrogen  at  the  negative ;  but  with  this  diti'erence,  that 
the  oxygen,.ins1;ead  of  being  set  free,  combines  viith  the  zinc.  It  is, 
in  fact,  a  real  case  of  electrolysis,  and  electrolytes  alone  are  available 
as  exciting  liquids. 

Common  ziac  is  very  readily  attacked  and  dissolved  by  dilute 
sulphiuic  acid ;  and  this  is  usually  supposed  to  arise  fi'om  the 
formation  of  a  multitude  of  little  voltaic  circles,  by  the  aid  of  jiar- 
ticles  of  foreign  metals  or  graphite,  partially  imbedded  iii  tlie  zinc. 
This  gives  rise  in  the  battery  to  M'hat  is  called  local  action,  by 
which,  in  the  common  forms  of  apparatus,  three-fourths  or  more  of 
the  metal  is  often  consumed,  mthout  contributing  in  the  least  to 
the  general  effect,  but,  on  the  contrary,  injiu'uig  it  to  some  extent. 
This  evil  is  got  rid  of  by  amalgamating  the  surface. 

By  careful  experiments,  in  which  local  action  was  comijletely 
avoided,  it  has  been  distinctly  proved  that  the  quantity  of  electricity 
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set  in  motion  by  the  battery  varies  exactly  ^vith  the  zinc  dissolved. 
Couitling  this  fact  ^^^th  that  of  the  definite  action  of  the  current,  it 
will  be  seen  that  wdien  a  perfect  battery  of  this  kind  is  employed  to 
decompose  hydrochloric  acid,  in  order  to  evolve  1  grain  of  hydrogen 
from  the  lattei',  32'5  grains  of  zinc  must  be  dissolved  as  chloride, 
and  its  equivalent  quantity  of  hydi-ogen  disengaged  in  each  active 
cell  of  the  battery — that  is  to  say,  that  the  electrical  force  generated 
by  the  solution  of  an  equivalent  of  zinc  in  the  battery  is  capable  of 
effecting  the  decomposition  of  an  equivalent  of  hydrochloric  acid  or 
any  other  electrolyte  out  of  it. 

This  is  an  exceedingly  important  discovery :  it  serves  to  show, 
in  the  most  striking  manner,  the  intimate  nature  of  the  connection 
between  chemical  and  electrical  forces,  and  theii-  remarkable  quanti- 
tative or  equivalent  relations.  It  almost  seems,  to  use  an  expres- 
sion of  Farady,  as  if  a  transfer  of  chemical  force  took  place 
through  the  substance  of  solid  metallic  conductors  ;  that  chemical 
actions,  called  into  play  in  one  portion  of  the  circuit,  could  be 
made  at  pleasure  to  exhibit  their  effects  without  loss  or  diminution 
in  any  other. 

Uledro-chemical  Theory. — There  is  an  hypothesis,  not  of  recent 
date,  long  countenanced  and  supported  by  the  illustrious  Berzelius, 
which  refers  all  chemical  phenomena  to  electrical  forces — which 
supposes  that  bodies  combine  because  they  are  in  opposite  electrical 
states ;  and  that  even  the  heat  and  light  accompanying  chemical 
union  may  be,  to  a  certain  extent,  accounted  for  in  this  manner ; 
that,  in  short,  so  far  as  our  present  knowledge  goes,  either  electric  or 
chemical  action  may  be  assumed  as  cause  or  effect :  it  may  be  that 
electricity  is  merely  a  form  or  modification  of  ordinary  chemical 
affinity  ;  or,  on  the  other  hand,  that  all  chemical  action  is  a  mani- 
festation of  electrical  force. 

This  electro-chemical  theory  is  no  longer  received  as  a  true 
explanation  of  chemical  phenomena  to  the  fuU  extent  intended  by  its 
author.  Berzelius,  indeed,  supposed  that  the  combining  tend(^ncies 
of  elements,  and  their  functions  in  compounds,  depend  altogether 
on  theii-  electric  pjolarity  ;  and  accordingly  he  divided  the  elements 
into  two  classes,  the  electro-positive,  which  like  hydrogen  and 
the  metals,  move  towards  the  negative  pole  of  the  battery,  as  if 
they  were  attracted  by  it,  and  the  electro-negative,  which,  like 
oxygen,  chlorine,  and  bromine,  move  towards  the  positive  pole. 
We  are,  however,  acquainted  with  a  host  of  phenomena  which  show 
that  the  chemical  functions  of  an  element  depend  upon  its  position 
with  regard  to  other  elements  in  a  compoimd,  quite  as  much  as 
upon  its  individual  character.  Thus  chlorine,  the  very  type  of  an 
electro-negative  element,  can  be  substituted  for  hydi'ogen,  one  of 
the  most  positive  of  the  elements,  in  a  large  number  of  conipounds, 
yielding  new  products,  which  exhil)it  the  closest  analogy  in  compo- 
.sition  and  properties  to  the  compounds  from  which  they  are  derived. 
It  is  impossible,  therefore,  to  admit  that  the  chenucal  functions  of 
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bodies  are  determined  exclusively  by  their  electrical  relations.  Still 
:t  IS  true  ma  genevs^  way  that  those  elements  which  diiler  most 
strongly  m  theu'  electrical  characters,  chlorine  and  potassium,  for 
example,  are  likewise  those  which  combine  together  ^vith  the  ^o-eatest 
energy ;  and  the  division  of  bodies  into  electro-positive  and  electro- 
negative IS  therefore  retained;  the  former  are  also  caUed  acid  or 
chlorous,  and  the  latter  basylous  or  zincous. 

Constant  Batteries.-ln  all  the  older  forms  of  the  voltaic  hMevx 

!n't>.!;    f?"  P^ges  105, 106,thepowerrnpidlydecreasi 

so  that,  after  a  short  tmie,  scarcely  the  tenth  part  of  the  original 
action  remams.    This  loss  of  power  depends,  partly  on  the  gradual 
Fig.  136.  change  of  the  sulphm-ic  acid  into  zinc  sulphate, 

but  stm  more  on  the  coating  of  hydrogen,  and,' 
at  a  later  stage,  on  the  precipitation  of  "metallic 
zmc  on  the  copper  plates.  It  is  self-evident 
that  if  the  copper  plate  in  the  liquid  became 
covered  with  zinc,  it  would  act  electrically  like 
a  zinc  j^late. 

An  apparatus  of  immense  value  for  punjoses 
of  electro-chemical  research,  in  which  it  is 
desu-ed  to  maintain  powerful  and  equable  cur- 
rents formally  successive  hours,  was  contrived  bv 
the  late  Professor  Daniell  (fig.  136).  Each  cell 
of  this  "  constant "  battery  consists  of  a  copper 
cylinder  3|  inches  in  diameter,  and  of  a  height 
varying  from  6  to  18  inches.  The  zinc  is  em- 
ployed in  the  form  of  a  rod  |  of  an  inch  in 
diameter,  carefully  amalgamated,  and  suspended 
in  the  centre  of  the  cylinder.  A  second  cell  of 
porous  earthenware  or  animal  membrane  inter- 

.        venes  between  the  zinc  and  the  copper  :  this  is 
filled  with  a  mixture  of  1  part  by  measure  of  oU  of  vitriol  and  8  of 
water,  and  the  exterior  space  with  the  same  liquid  satm-ated  with 
copper  sulphate.    A  sort  of  Uttle  colander  is  fitted  to  the  top  of  the 
cell,  m  which  crystals  of  the  copper  sulphate  are  placed,  so  that  the 
strength  ot  the  solution  may  remain  unimpaired.    When  a  com- 
mimication  is  made  by  a  wii-e  between  the  rod  and  the  cyclinder 
a  strong  current  is  produced,  the  power  of  which  may  be  increa^^ed 
to  any  extent  by  connecting  a  sufficient  number  of  such  cells  into  a 
series,  on  the  prmciple  of  the  crown  of  cups,  the  copper  of  the  first 
bemg  attached  to  the  zinc  of  the  second.    Ten  such  alterations  con- 
stitute a  very  powerful  apparatus,  which  has  the  great  advanta<'e 
of  retaining  its  energy  undiminished  for  a  long  time.  ° 

By  this  ai-rangement  of  the  voltaic  battery,  the  accumulation  of 
hycbogen  and  deposition  of  zinc  on  tiie  surface  of  the  copper  plate 
is  altogether  avoided;  the  zinc  in  the  porous  cell,  whilst  it  dissolves 
in  the  sulphuric  acid,  decomposes  it,  but  does  not  liberate  anv 
hydi-ogen  ;  for  by  the  progress  of  the  decomposition  (see  p.  289), 
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up  to  the  boundary  of  the  copper  solution,  the  hydrogen  takes  the 
place  of  the  copper,  and  thus  ultimately  the  copper  is  precipitated 
on  the  copper  plate.  The  copper  plate  therefore  remains  in  its 
original  state,  so  long  as  a  sufficient  quantity  of  copper  sulphate  is 
present  in  the  solution. 

By  increasing  the  generative  and  reducing  the  antagonising 
chemical  affinities,  Mr.  Grove  succeeded  in  forming  the  constant 
nitric  acid  battery  which  bears  his  name.  This  instrument  is 
capable  of  producing  a  far  greater  degree  of  jDower  than  the  battery 
previously  mentioned,  and  hence  it  has  become  one  of  the  most 
important  means  of  promoting  electrical  science  in  the  present  day. 
The  zinc  dips  into  dilute  sulphm-ic  acid ;  and  instead  of  a  solution 
of  copper,  concentrated  nitric  acid  is  used,  which  surromids  a 
platinum  plate.  It  is  evident  that  the  electrolytic  action  which 
begins  at  the  zinc  passes  through  the  sulphuric  acid,  and  in  a  pre- 
cisely similar  way  thi-ough  the  contiguous  nitric  acid.  Hydi-ogen 
would  thus  be  liberated  on  the  platinum  plate.  This  action  is  not 
rendered  visible  by  the  evolution  of  gas,  but  only  gradually  by  the 
change  of  colour  in  the  nitric  acid :  for  the  hydrogen  liberated  by 
the  electrical  action  forms  water  at  the  expense  of  the  oxygen 
yielded  by  the  nitric  acid ;  and  by  this  means,  so  long  as  sufficient 
nitric  acid  is  present,  the  purity  of  the  surface  of  the  platinum 
plate  is  maintained. 

One  of  the  cells  in  this  battery  is  represented  in  section  in  fig. 
137.  The  zinc  plate  is  bent  round,  so  as  to  present  a  double 
surface,  and  well  amalgamated:  within,  it  stands  a  thin  fiat  cell  of 
porous  earthenware,  filled  with  strong  nitric  acid,  and  the  whole 
is  immersed  in  a  mixture  of  1  part  by  measure  of  oil  of  vitriol  and 
6  of  water,  contained  either  in  one  of  the  cells  of  Wollaston's 
trough,  or  in  a  separate  cell  of  glazed  porcelain,  made  for  the 
purpose.  _  The  apparatus  is  completed  by  a  plate  of  platinum  foil, 
which  dips  into  the  nitric  acid,  and  forms  the  posi- 
tive side  of  the  arrangement.  With  ten  such  pairs, 
experiments  of  decomposition,  ignition  of  wires, 
the  light  between  charcoal  points,  &c.,  can  be  ex- 
hibited with  great  brilliancy,  while  the  battery  itself 
is  very  compact  and  portable,  and,  to  a  great  extent, 
constant  in  its  action.  The  zinc,  as  in  the  case  of 
Darnell's  battery,  is  consumed  only  while  the  current 
passes,  so  that  the  apparatus  may  be  arranged  an  hour 
or  two  before  it  is  rec^uired  for  use,  which  is  often 
a  matter  of  great  convenience ;  and  local  action  from 
tlie  precipitation  of  copper  on  the  zinc  is  avoided. 

Professor  Bunsen  has  modified  the  Grove  battery 
by  substituting  for  the  platinum,  dense  charcoal  or 
coke,  which  is  an  excellent  conductor  of  electricity. 
By  this  alteration,  at  a  very  small  expense,  a  battery  may  be  made 
nearly  as  powerful  and  useful  as  that  of  Grove.  On  account  of  its 
cheapness,  any  one  may  put  together  one  hundred  or  more  of  Bun- 
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sen's  cells,  hj  which  the  most  magnificent  phenomena  of  heat  and 
light  may  be  obtained. 

_  Figure  138  shows  the  form  of  the  round  carbon  cylinder  which 
IS  used  m  these  cells.  It  is  hollowed  so  as  to  receive  a  porous 
earthenware  cell,  in  which  a  rotmd  plate  of  zinc  is 
placed.  The  upper  edge  of  the  cylinder  of  carbon 
is  well  saturated  with  wax,  and  is  surrounded  by 
a  copper  ring,  by  means  of  which  it  may  be  put  in 
connection  with  the  zinc  of  the  adjoining  pair. 

Bunsen's  carbon  cylinder  is  Uke-svnse  well 
adapted  for  the  use  of  dilute  sulphmic  acid  alone, 
without  the  addition  of  nitric  acid.  It  is,  however, 
better  to  saturate  the  dilute  sulphuric  acid  -v\-ith 
potassium  bichromate.  When  this  mixtirre  con- 
tains at  least  double  the  amount  of  sulphuric  acid 
which  is  necessary  to  decompose  the  chromate,  a 
battery  is  formed  which  surpasses  in  power  the  nitric  acid  batterv, 
but  does  not  furnish  currents  of  the  same  constancy. 

Mr.  Smee  has  contrived  an  ingenious  battery,  in  which  silver, 
covered  with  a  thin  coating  of  finely  divided  metallic  platinum,  is 
employed  in  association  vnth  amalgamated  zinc  and  dilute  suljjhuric 
acid.  The  rough  surface  appears  to  permit  the  ready  disengagement 
of  the  bubbles  of  hydrogen. 

Gas-battery. — Mr.  Grove  has  contrived  a  battery  in  which  an 
electrical  current,  of  sufficient  intensity  to  decompose  dilute  sul- 
phuric acid,  is  produced  by  the  action  of  oxygen  upon  hydrogen. 
Each  element  of  this  apparatus  consists  of  a  pair  of  glass  tubes 
to  contain  the  gases,  dipping  into  a  vessel  of  acidulated  water. 
Both  tLibes  contain  platinum  plates,  covered  with  a  rough  deposit 
of  finely  divided  platinum,  and  furnished  with  conducting  vdies, 
which  pass  through  the  tops  or  sides  of  the  tubes,  and  are'herme- 
tically  sealed  into  the  latter.  When  the  tubes  are  charged  with 
oxygen  on  the  one  side  and  hydrogen  on  the  other,  and  the  wii-es 
connected  with  a  galvanoscope,  the  needle  of  the  instrument  becomes 
instantly  affected ;  and  when  ten  or  more  are  combined  in  a  series, 
the  oxygen-tube  of  the  one  with  the  hydi-ogen-tube  of  the  next,  &c., 
while  the  terminal  wires  dip  into  acidulated  water,  a  rapid  sti-eam 
of  minute  bubbles  fi-om  either  wire  indicates  the  decomposition  of 
the  Kquicl ;  and  when  the  experiment  is  made  with  a  small  volta- 
meter, it  is  found  that  the  oxygen  and  hycbogen  disengaged  exactly 
equal  in  amount  the  quantities  absorbed  by  the  act  of  combination 
in  each  tube  of  the  battery. 

Electrotype. — ^Within  the  last  forty  years,  several  very  beautiful 
and  successful  applications  of  voltaic  electricity  have  been  made, 
which  may  be  slightly  mentioned.  Mr.  Spencer  and  Professor 
Jacobi  have  employed  it  in  copjang,  or  rather  in  multiplying, 
engraved  plates  and  medals,  by  depositing  upon  their  smfaces  a  thm 
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coating  of  metallic  copper,  wbicli  when  sepai'ated  from  the  original, 
exhibits,  in  reverse,  a  most  faithful  representation  of  the  latter.  By 
using  this  in  its  tiu-n  as  a  mould  or  mati'ix,  an  absolutely  perfect 
facsimile  of  the  plate  or  medal  is  obtained.  In  the  former  case,  the 
impressions  taken  on  paper  ai-e  quite  uudistinguishable  from  those 
directly  derived  from  the  work  of  the  ai'tist ;  and  as  there  is  no  limit 
to  the  number  of  electrotype  plates  which  can  be  thus 
produced,  engravings  of  the  most  beautiful  description  Fig.  139. 
may  be  multiplied  indefinitely.  The  copper  is  very  ^ 
tough,  and  bears  the  action  of  the  press  perfectly  well. 

The  apparatus  used  in  this  and  many  similar  pro- 
cesses is  of  the  simplest  kind.  A  ti'ough  or  cell  of 
wood  is  divided  by  a  porous  diaphragm,  made  of  a 
very  thin  piece  of  sycamore,  into  two  parts ;  dilute 
sulphmic  acid  is  put  on  one  side,  and  a  satui'ated  solu- 
tion of  copper  sulphate,  sometimes  mixed  with  a  little 
acid,  on  the  other.  A  plate  of  zinc  is  soldered  to  a 
wire  or  strip  of  copper,  the  other  end  of  which  is 
secured  by  similar  means  to  the  engraved  copper  plate. 
The  latter  is  then  immersed  in  the  solution  of  sulphate, 
and  the  zinc  in  the  acid.  To  prevent  deposition  of 
copper  on  the  back  of  the  copper  plate,  that  portion  is  covered  with 
varnish.  For  medals  and  small  works,  a  porous  earthenware  cell, 
placed  in  a  jelly -jar,  may  be  used. 

Other  metals  may  be  j)recipitated  in  the  same  manner,  in  a  smooth 
and  compact  foi-m,  by  the  use  of  certain  precautions  which  have  lieen 
gathered  by  experience.  Electro-gilding  and  plating  are  now  carried 
on  very  largely  and  in  great  perfection  by  Messrs.  Elkington  and 
others.  Even  non-conducting  bodies,  as  sealing-wax  and  plaster  of 
Paris,  may  be  coated  with  metal ;  it  is  only  necessary,  as  shown  by 
the  late  Mr.  Robert  Murray,  to  rub  over  them  the  thinnest  possible 
film  of  plimibago.  Seals  may  thus  be  copied  in  a  very  few  hours 
with  imerring  truth. 

The  common  but  very  plea.sing  experiment  of  the  lead-tree  is 
greatly  dependent  on  electro-chemical  action.  When 
a  piece  of  zinc  is  suspended  in  a  solution  of  lead  ace- 
tate, the  first  effect  is  the  decomposition  of  a  portion  of 
the  latter,  and  the  deposition  of  metallic  lead  upon 
the  surface  of  the  zinc ;  it  is  simply  a  displacement 
of  a  metal  by  a  more  oxidable  one.  The  change  does 
not,  however,  stop  here;  metallic  lead  is  still  de- 
posited in  large  and  beautiful  plates  upon  that  first 
thrown  down,  \mii\  the  solution  becomes  exhausted, 
or  the  zinc  entirely  disappears.  The  first  portions  of 
leacl  foi-m  with  the  zinc  a  voltaic  an-angement  of 
sufficient  power  to  decompose  the  salt:  under  the 
peculiar  circumstances  in  which  the  latter  is  placed, 
the  metal  is  precipitated  upon  the  negative  portion — 
that  is,  the  lead — while  the  oxygen  and  acid  .are  taken  up  by  the  zinc. 
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Becquerel,  several  years  ago,  published  an  exceedingly  interesting 
account  of  certain  experiments  in  which  crystallised  metals,  oxides, 
and  other  insoluble  substances  had  been  produced  by  the  slow  and 
continuous  action  of  feeble  electrical  currents,  kept  up  for  months, 
or  even  years.  These  products  exactly  resemble  natural  minerals  : 
and,  indeed,  the  experiments  throw  great  light  on  the  formation  of 
the  latter  within  the  earth.* 

_  Hmt  developed  hy  the  Electric  Current.—AJl  parts  of  the  electric 
cii-cuit,  the  plates,  the  liquid  in  the  cells  of  the  battery,  the  con- 
ducting wires,  and  any  electrolytes  imdergoing  decomposition,  all 
become  heated  during  the  passage  of  the  ciirrent.  The  rise  of  tem- 
perature in  any  part  of  the  circuit  depends  partly  on  the  strength 
of  the  cui'rent,  partly  on  its  resistance,  those  bodies  which  offer  the 
greatest  resistance,  or  are  the  worst  conductors,  being  most  strongly 
heated  by  a  current  of  given  strength.  Thus,  when  a  thick  and  a 
thin  wire  of  the  same  metal  are  included  in  the  same  circuit,  the 
latter  becomes  most  strongly  heated,  and  a  platinum  wii-e  is  much 
more  strongly  heated  than  a  silver  or  copper  wire  of  the  same 
thickness. 

By  exact  experiments  it  has  been  found  that  both  in  metallic 
wires  and  in  Liquids  traversed  by  an  electric  current,  the  evolution 
of  heat  is  directly  proportional— 1st,  to  the  resistance;  2d,  to  the 
strength  of  the  current.  Joule  hast  also  shown  that  the  evolution  of 
heat  in  each  coiiple  of  the  voltaic  battery  is  subject  to  the  same 
law,  which,  therefore,  holds  good  in  every  part  of  the  circuit,  includ- 
ing the  battery. 

The  strength  of  an  electric  current  is  measured  by  the  quantity 
of  detonating  gas  (2  vols.  H  to  1  vol.  0)  which  it  can  evolve  from 
acidulated  water  in  a  given  time,  and  the  unit  of  current  strength  is 
the  current  which  eliminates  one  cubic  centimeter  of  detonating  ga^  at 
0°  C.  and  760™™-  barometric  pressure  in  a  minute.  Now  Lenz  has 
shown  that  when  a  current  of  the  unit  of  strength  passes  through 
a  wire  whose  resistance  is  equal  to  that  of  a  copper  wire  1  meter 
long  and  1  millimeter  in  diameter,  it  develops  a  quantity  of  heat 
sufficient  to  raise  the  temperatm-e  of  1  gram  of  water  fi'om  0°  to 
1°  C.  in  5|  minutes ;  and  assuming  as  the  unit  of  heat  the  quantity 
required  to  raise  the  temperature  of  1  gram  of  water  from  0°  to  1°  C, 
the  law  may  be  thus  expressed — 

A  current  of  the  unit  of  strength  passing  through  a  condiictor  lohidi 
exerts  the  unit  of  resistance,^  develops  therein  1-057  heat-unit  in  an  Jwur, 
or  0'0176  heat-unit  in  a  minute. 

With  a  current  of  given  strength,  the  sum  of  the  quantities  of 
heat  evolved  in  the  battery  and  in  the  metallic  conductor  joiniutr 
its  poles,  is  constant,  the  heat  actually  developed  in  the  one  part 
or  the  other  varying  according  to  the  thickness  of  the  metallic  con- 

*  Traite  de  I'Electi-icit^  et  Magn€tisme,  iii.  239.  I 
+  PhU.  Mag.  [3]xix.  210.  '  ) 


HEAT  DEVELOPED  BY  THE  ELECTRIC  CURRENT.  301 

ductor.  This  was  first  sho\\Ti  by  De  la  Rive,  and  has  been  confirmed 
by  Favre.*  De  la  Rive  made  use  of  a  couple  consisting  of  platinum 
and  distilled  zinc  or  cadmium,  excited  by  pure  and  very  strong  nitric 
acid,  the  two  metals  being  united  by  a  platinum  wire,  more  or  less 
thick,  which  was  plunged  into  the  same  quantity  of  strong  nitric 
acid  contained  in  a  capsule,  similar  to  that  wliich  held  the  voltaic 
couple.  By  observing  the  temperatm-es  in  the  two  vessels  with 
delicate  thermometers,  the  sum  of  these  temperatiu'es  was  found  to  be 
constant,  the  one  or  the  other  being  greater  according  to  the  thick- 
ness of  the  connecting  wiie. 

Favre,t  by  means  of  a  calorimeter,  similar  to  that  which  he  used 
in  his  experiments  on  the  development  of  heat  by  chemical  action, 
has  shown  that  in  a  pair  of  zinc  and  i^latinimi  plates,  excited  by 
dilute  sulphiu'ic  acid  and  connected  by  platinum  mres  of  various 
length  and  thickness,  for  every  32-5  grams  of  zinc  dissolved,  a 
quantity  of  heat  is  developed  in  the  entire  circidt  equal  to  18,173 
heat-units,  but  variously  distributed  between  the  battery-cell  and 
the  wire,  according  to  the  tliickness  of  the  latter.  Now  this  quan- 
tity of  heat  is  nearly  the  same  as  that  which  is  evolved  in  the 
simple  soliition  of  32-5  grams  of  zinc  in  dilute  sulphuric  acid, 
without  the  formation  of  a  voltaic  circuit,  viz.,  18,444  units. 
Hence  Favre  concludes  that  the  heat  developed  by  the  resistance 
of  a  metallic  or  other  conductor  connecthig  the  poles  of  the  battery 
is  simply  borrowed  fi'om  the  total  quantity  of  heat  evolved  by  the 
chemical  action  taking  place  in  the  battery,  and  is  rigorously  com- 
plementary to  that  which  remains  in  the  cells  of  the  battery,  the 
heat  evolved  in  the  entire  circuit  being  the  exact  equivalent  of  the 
chemical  action  wliich  takes  place.  If  any  external  work  is  per- 
formed by  the  current,  such  as  electrolysis,  or  mechanical  work, 
as  by  an  electro-magnetic  engine,  the  heat  evolved  in  the  cii'cuit 
is  diminished  by  the  heat-equivalent  of  the  decomposition  or 
mechanical  work  done. 


*  Ann.  Ch.  Phys.  [3]  xl.  393. 


+  Comptes  Eendus,  xlv.  56. 
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The  metals  constitute  the  second  and  larger  group  of  elementary 
Ijodies.  A  great  number  of  tliem  are  of  very  rare  occurrence,  being 
found  only  in  a  few  scarce  minerals ;  others  are  more  abundant, 
and  some  few  almost  universally  diffused  throughout  the  globe. 
Some  of  these  bodies  are  of  most  importance  when  in  the  metallic 
state;  others,  when  in  combination,  chiefly  as  oxides,  the  metals 
themselves  being  almost  unknown.  Many  are  used  in  medicine  and 
in  the  arts,  and  are  essentially  connected  with  the  progress  of  civili- 
sation. 

If  arsenic  be  iacluded,  the  metals  amount  to  fifty  in  number. 

Physical  Proper-ties. — One  of  the  most  remarkable  and  striking 
characters  possessed  by  the  metals  is  then-  peculiar  lustre:  this  is  so 
characteristic,  that  the  expression  metalUc  lustix  has  passed  into  com- 
mon speech.  This  property  is  no  doubt  connected  with  the  great 
degree  of  opacity  which  the  metals  present  in  every  instance.  '  The 
thinnest  leaves  or  plates,  and  the  edges  of  crystalline  laminfe,  arrest 
the  passage  of  light  in  the  most  complete  maimer.  An  exception  to 
the  rule  is  iisually  made  in  favour  of  gold-leaf^  which,  when  held  up 
to  the  day-light,  exhibits  a  greenish,  and  in  some  cases  a  pm-ple 
colour,  as  if  it  were  really  endued  -ndth  a  certain  degree  of  trans- 
lucency:  the  metallic  film  is,  however,  generally  so  imperfect  that 
it  is  somewhat  difficult  to  say  whether  the  observed  effect  may  not 
be  in  some  measure  due  to  multitudes  of  little  holes,  many  of  which 
are  visible  to  the  nalved  eye  ;  but  Faraday's  experiments  have 
established  the  translucency  of  gold  beyond  all  doubt. 

In  point  of  colour,  the  metals  present  a  certain  degree  of  uni- 
formity: with  two  exceptions — viz.,  copper,  which  is  red,  and  gold, 
which  is  yellow — all  these  bodies  are  included  between  the  pure 
white  of  silver  and  the  bluish-grey  tint  of  lead:  bismuth,  it  is  true, 
has  a  pinkish  colour,  and  calcium  and  strontium,  a  yellowish  tint, 
but  these  tints  are  very  feeble. 

The  differences  of  specific  gravity  are  very  wide,  passing  from 
lithium,  potassium,  and  sodium,  which  are  lighter  than  water,  to 
platinum,  wliich  is  more  than  twenty-one  times  heavier  than  an 
equal  biilk  of  that  liquid. 
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Talk  of  the  Specific  Chxivities  of  Metals  at  15-5°  C.  (60°  F.) 


Platimun  (in  thin  wire), 
Gold,  . 
Uranium, 
Timgsteu, 
Mercury, 
Palladium, 
Lead, 
Silver,  . 
Bismuth, 
Copper, 
Nickel, 
Cadmium, 
Molybdenum, 
Cobalt,  . 
Manganese, 
Iron, 
Tin, 
Zinc, 

Antimony, 
Arsenic, 
Aluminium, 
Magnesiiun, 
Sodium, 
Potassium, 
Lithium, 


21-50 
19-50 
18-40 
17-60 
13-59 

11-30  to  11-8 

11-45 

10-50 

9-90 

8-96 

8-80 

8-70 

8-63 

8-54 

8-00 

7-79 

7-29 

6-86  to  7-1 

6-80 

5-88 

2-56  to  2-67 

1-75 

0-972 

0-865 

0-593 


The  property  of  malleahility,  or  power  of  extension  mider  the 
hammer,  or  between  the  roUers^of  the  flatting-mill,  is  j^ossessed  by 
certain  of  tlie  metals  to  a  very  great  extent.  Gold-leaf  is  a  remark- 
able example  of  the  tenuity  to  which  a  malleable  metal  may  be 
■  brought  by  suitable  means.  The  gilding  on  silver  wire  used  in 
the  manufacture  of  gold  lace  is  even  thinner,  and  yet  presents  an 
unljroken  surface.  Silver  may  be  beaten  out  very  thin— copper 
also,  Vnit  to  an  inferior  extent,';  tin  and  platinum  are  easily  rolled 
out  into  foil ;  iron,  palladium,  lead,  nickel,  cadmium,  the  metals 
of  the  alkalis,  and  mercury  when  solidified,  are  also  malleable. 
Zinc  may  be  placed  midway  between  the  malleable  and  brittle 
division;  then  perhaps  bismuth;  and,  lastly,  such  metals  as 
antiruony  and  arsenic,  which  are  altogether  destitute  of  mallea- 
bility. 

The  specific  gravity  of  malleable  metals  is  usually  very  sensibly 
increased  by  pressure  or  blows,  and  the  metals  themselves  are 
rendered  much  harder,  with  a  tendency  to  brittleness.  This  con- 
dition is  destroyed  and  the  former  soft  state  restored  by  the  opera- 
tion of  armeaKw/,  which  consists  in  heating  the  metal  to  redness 
out  of  contact  with  au-  (if  it  will  bear  that  temperature  without 
fusion),  and  cooling  it  quickly,  or  slowly  according  to  the  cii-ciim- 
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stances  of  tlie  case.  After  this  operation,  it  is  found  to  possess  its 
original  specific  gravity. 

Ductility  is  a  property  distinct  from  the  last,  inasmuch  as  it  in- 
yolves  the  princii^le  of  tenacity,  or  power  of  resist- 
Fig.  141.        ing  tension.    The  art  of  wire-di-awing  is  one  of  great 
/7\  antiquity ;  it  consists  in  drawing  rods  of  metal 

1  ,  '  *  \  through  a  succession  of  trumpet-shaped  holes  in  a 
steel  plate,  each  being  a  little  smaller  than  its  pre- 
decessor, unto  the  requisite  degree  of  fineness  is 
attained.  The  metal  often  becomes  very  hard  and 
rigid  in  this  process,  and  is  then  liable  to  break  : 
this  is  remedied  by  annealing.  The  order  of  tenacity 
among  the  metals  susceptible  of  being  easily  dravsTi 
into  wire  is  the  foUowrag  :  it  is  determined  by 
observing  the  weights  requii-ed  to  brealc  asunder  wires  drawn 
through  the  same  orifice  of  the  plate  :— 


Iron. 
Copper. 
Platinum. 
Silver. 


Gold. 
Zinc. 
Tin. 
Lead. 


Metals  differ  as  much  va.  fusibility  as  in  density.  The  following 
table  wiU  give  an  idea  of  their  relations  to  heat  :- 


Fusible  below 
a  red  heat. 


Infusible  below 
1  red  heat 


Mercury, 
Eubidium, 
Potassium, 
Sodium, 
Lithium, 
Tin, 

Cadmium, 
Bismuth, 
Thallium, 
Lead, 

Tellurium, — rather  less  fusible 

than  lead. 
Arsenic, — imknown. 
.  Zinc, 

^  Antimony, — just  below  redness 
f  Silver,      .  . 
Copper,  . 
Gold, 
Cast-iron, 
■{  Pure  iron, 
Nickel, 
Cobalt, 
Manganese, 
Palladium, 


F. 

-  39° 
+  101-3 
144-5 
207-7 
356 
442 

(about)  442 
497 


Melting  Points. 


561 
617 


C. 

-.39-44° 
i-38-5 
62-5 
97-6 

180 

227-8 

228 

258 

294 

325 


773  412 


1873 
1996 
2016 
2786 


1023 
1091 
1102 
1530 


Highest  heat  of  Forge, 
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Infusitle  below  , 
a  red-heat. 


'  Molybdenum, 
Uranium, 
Tungsten, 
Clu'omiiun, 
Titanium, 
Cerium, 
Osmium, 
Iridium, 
Rhodium, 
Platinimi, 
Tantalimi, 


Agglomerate,  but  do  not 
melt  in  the  forge. 


Infusible  in  ordinary  blast  ■ 
furnaces ;  fusible  by  oxy- 
hydi'ogen  blow-pipe. 


Some  metals  acquire  a  pasty  or  adhesive  state  before  becoming 
fluid  :  this  is  the  case  with  iron  and  platinum,  and  with  the  metals 
of  the  alkalis.  It  is  this  peculiarity  which  confers  the  very  valu- 
able property  of  welding,  by  which  pieces  of  iron  and  steel  are 
united  without  solder,  and  the  finely  divided  metallic  sponge  of 
platiuum  is  converted  into  a  solid  and  compact  bar. 

Some  metals  are  volatile,  and  this  character  would  perhaps  be 
exhibited  by  aU,  could  temperatures  sufiiciently  elevated  be  obtained. 
Mercury  boils  and  distils  below  a  red  heat ;  potassium,  sodium, 
zinc,  magnesium,  and  cadmium  rise  in  vapour-  when  heated  to  bright 
redness ;  arsenic  and  tellurium  are  volatile. 


CHEMICAL  EELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  kinds — namely,  those  formed 
by  the  imion  of  metals  among  themselves,  which  are  called  alloys, 
or,  where  mercury  is  concerned,  amalgams,  and  those  generated  by 
combination  with  the  non-metalLLc  elements,  as  oxides,  chlorides, 
sulphides,  &c.  In  this  later  case,  the  metallic  characters  are  almost 
invariably  lost. 

Alloys-— Most  metals  are  probably,  to  some  extent,  capable  of 
existing  in  a  state  of  combination  with  each  other  in  clefinite  pro- 
portion.s  ;  but  it  is  difficult  to  obtain  these  compounds  in  a  separate 
state,  since  they  dissolve  in  all  proportions  in  the  melted  metals, 
and  do  not  generally  differ  so  widely  in  their  melting  points  from 
the  metals  they  may  be  mixed  with,  as  to  be  separated  by  crystal- 
lisation in  a  definite  form.  Exceptions  to  this  rule  are  met  with 
m  the  cooling  of  argentiferous  lead,  and  in  the  crystallisation  of  brass 
and  of  gun-metal. 

The  chemical  force  capable  of  being  e.xerted  between  different 
metals  is  for  the  most  part  very  feeble,  and  the  consequent  state  of 
comlnnation  is  therefore  very  easily  disturbed  by  the  influence  of 
other  forces.  The  stability  of  such  metallic  compounds  is,  how- 
ever, greater  in  proportion  to  the  general  chemical  dissimilarity 
ot  the  metals  they  contain.  But  in  all  cases  of  combination  between 
metals,  the  alteration  of  physical  characters,  which  is  the  distinctive 
leature  of  chemical  combination,  does  not  take  place  to  any  great 
FOWNES. —  VOL.  I,  n 
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extent.  The  most  unquestionable  compounds  of  metals  with  metals 
are  still  metallic  in  their  general  physical  characters,  and  there  is  no 
such  transmutation  of  the  individuality  of  their  constituents  as  takes 
place  in  the  combination  of  a  metal  with  oxygen,  sulphur,  chlorine, 
&c.  The  alteration  of  characters  in  alloys  is  generally  limited  to 
the  colour,  degree  of  hardness,  tenacity,  &c.,  and  it  is  only  when 
the  constituent  metals  are  capable  of  assuming  opposite  chemical 
relations  that  these  compounds  are  distinguished  by  great  brittleness. 

Tlie  formation  of  actual  chemical  compounds,  in  some  cases,  when 
two  metals  are  melted  together,  Is  indicated  by  several  phenomena, 
viz.,  the  evolution  of  heat,  as  in  the  case  of  platinum  and  tin, 
copper  and  zinc,  &c.  The  density  of  alloys  differs  from  that  of  mere 
mixtures  of  the  metals.  In  the  solidification  of  alloys,  the  tempera- 
ture does  not  always  fall  imlfomily,  but  often  remains  stationary 
at  particular  degrees,  which  may  be  regarded  as  the  solidifying 
points  of  the  compounds  then  crystallising.  Tin  and  lead  melted 
together  in  any  proportions  always  form  a  compound  which  solidifies 
at  187°.  The  melting  point  of  an  alloy  is  often  very  different 
from  the  point  of  solidification,  and  it  is  generally  lower  than  the 
mean  melting  point  of  the  constituent  metals. 

But  though  metals  may  combine  when  melted  together,  it  is 
doubtful  whether  they  remain  combined  after  the  solidification  of 
the  mass,  and  the  wide  differences  between  the  melting  and  solidi- 
fying points  of  certain  alloys  appear  to  indicate  that  the  existence 
of  these  compounds  is  limited  to  a  certain  range  of  temperature. 
Matthiessen  *  regards  it  as  probable  that  the  condition  of  an  alloy 
of  two  metals  in  the  lic[uid  state  may  be  either  that  of — 1.  A  solu- 
tion of  one  metal  in  another ;  2.  Chemical  combination ;  3.  Mechani- 
cal mixture  ;  or,  4.  A  solution  or  mixture  of  two  or  all  of  the 
above  ;  and  that  similar  differences  may  exist  as  to  its  condition 
in  the  solid  state. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very 
different  from  their  action  upon  metals  in  the  separate  state :  thus, 
platinum  alloyed  with  silver  is  readily  dissolved  by  niti-ic  acid,  but 
is  not  affected  by  that  acid  when  imaUoyed.  On  the  pontrary, 
silver,  which  in  the  separate  state  is  readily  dissolved  by  nitric  acid, 
is  not  dissolved  by  it  when  alloyed  with  gold  in  proportions  much 
less  than  one-fourth  of  the  alloy  by  weight. 

Compounds  of  Metals  with  Metalloids — Classification 

of  Metals. 

A  classification  of  the  metals  according  to  their  quantivalence  or 
atomicity  is  given  in  the  table  on  p.  250  ;  and  each  of  the  classes 
thus  formed  may  be  divided  into  groups,  the  individual  members 
of  which  possess  certain  physical  or  chemical  characters  in  common. 
There  are  however,  several  metals,  especially  among  those  of  rare 
occurrence,  whose  position  in  the  series  is  by  no  means  definitely  fixed. 

*  British  Association  Reports,  1863,  p.  97. 
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Class  I. — Monad  Metals. — 1.  Among  these  metals,  potassium, 
sodium,  ctesium,  rubidium,  and  lithium,  are  called  alkali- 
metals.  They  are  soft,  easUy  fusible,  volatile  at  higher  tempera- 
tm-es ;  combine  very  energetically  with  oxygen ;  decompose  water 
at  all  temperatures ;  and  form  strongly  basic  oxides,  which  are  very 
soluble  in  water,  yielding  powerfully  caustic  and  alkaline  hydroxides, 
not  decomposable  by  heat.  Their  carbonates  are  soluble  in  water, 
and  each  metal  forms  only  one  chloride.  The  hypothetical  metal 
ammonium,  NH^  (p.  164),  is  usually  added  to  the  list  of  alkali- 
metals,  on  account  of  the  general  similarity  of  its  compounds  to 
those  of  potassimn  and  sodium. 

2.  Silver  difl'ers  greatly  from  the  alkali-metals  in  its  physical 
and  most  of  its  chemical  properties,  but  it  is  related  to  them  by  the 
isomorphism  of  some  of  its  compounds  with  the  corresponding  com- 
poimds  of  those  metals ;  thus  it  forms  an  alum,  sinular  in  form  and 
composition  to  ordinary  potash  alum. 

Class  Il.—Dyad  Metals.— 1.  The  three  metals,  barium, 
strontium,  and  calcium,  form  oxides  called  aMme  earths,  leas 
.  soluble  in  water  than  the  true  alkalis,  but  exhibiting  similar  taste, 
causticity,  and  action  on  vegetable  colours.  The  metals  of  this 
group  form  but  one  chloride,  e.^.,  BaClg ;  theu- carbonates  are  insoluble 
in  water,  and  barimn  sulphate  is  also  insoluble,  strontium  and  calcium 
sulphates  slightly  soluble. 

2.  A  second  group  consists  of  the  metals  beryllium,  yttrium, 
erbium,  lanthanum,  and  didymium,  which  form  oxides  called 
earths,  insoluble  in  water,  and  not  reducible  to  the  metallic  state 
by  hydrogen  or  carbon;  theii-  carbonates  are  insoluble  in  water, 
their  sulphates  soluble.  These  metals  also  form  but  one  chloride, 
viz.,  a  dichloride.  They  are  all  very  rare.  Mendelejeff,  as  already  ob- 
served (p.  266),  proposes  to  classify  didymium,  yttrium,  and  erbiimi 
as  triads,  and  lanthanum  as  a  tetrad ;  but  his  reasons  for  doing  so 
are  not  very  conclusive :  at  all  events  it  is  most  convenieut  to  describe 
these  metals  amongst  the  earth-metals. 

3.  Magnesium,  zinc,  and  cadmium  resemble  one  another  in 
bemg  volatile  at  high  temperatures,  and  burning  when  heated  in  the 
air ;  they  decompose  water  at  high  temperatures,  eliminate  hydrogen 
ftom  dilute  acids,  and  form  only  one  oxide  and  one  chloride,  e.g., 
ZnO  and  ZnCIj.  Magnesium  was  formerly  classed  as  an  earth-metal, 
but  It  bears  a  much  closer  analogy  to  zinc. 

4  Mercury  and  copper  each  form  two  chlorides  and  two 
oxides :  mercury,  for  example,  forms  the  two  chlorides,  HgClg  and 
Mg2Cl2,  and  the  two  oxides,  HgO  and  Hg„0.    Mercurous  chloride 

/I      u  •  Hg-Cl 

(calomel)  is  represented  by  the  formula  I  ,  and  the  corre- 

.      r         •-,    ,  Hg-Cl 

Spondmg  oxide  by  |    \0.     The  copper  compounds  are  similarly 

constituted.    These  metals  do  not  decompose  water  at  any  tempera- 
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ture ;  they  are  oxidised  by  nitric  and  by  strong  sulphuric  acids.  The 
oxides  of  mercury  are  reduced  to  the  metallic  state  by  heat  alone ; 
those  of  copper  by  ignition  with  hydrogen  or  charcoal. 

The  position  of  copjjer  in  the  series  has  already  been  discnssed 
(p.  265).  It  has  certain  analogies  with  the  metals  of  the  iron 
group — and  in  the  cuprous  compoimds  it  may  be  regarded  as  uni- 
valent ;  but  in  its  most  stable  compounds,  the  cupric  salts,  it  is 
unquestionably  bivalent. 

Class  III. — Triad  Metals. — The  metals  referable  to  this  class  are 
aluminium,  gallium,  indium,  thallium,  and  gold.  The  first  three 
form  only  trichlorides ;  thallium  and  gold  form  monochlorides  and 
trichlorides,  also  corresponding  oxides,  e.g.,  thallium  chlorides,  TlCl 
and  TIGI3 ;  oxides,  TlgO  and  TI2O3.  The  mono-compoimds  of 
thallium  are  much  more  stable  than  the  tri-qompoimds,  and  in 
respect  of  these  compounds  thallium  exhibits  very  close  analogies 
to  the  alkali-metals,  forming,  for  example,  an  alum  isomorphous 
with  common  potash  alum,  and  phosphates  analogous  in  composition 
to  the  phosphates  of  sodium.  The  position  of  gold  has  already  been 
discussed.  Aluminium  is  sometimes  regarded  as  a  tetrad,  but  for 
reasons  already  given  (p.  265)  it  is  most  probably  a  triad. 

Class  IV. — Tetrad  Metals. — To  this  class  belong  zirconium, 
thorinum,  cerium,  tin,  titanium,  and  lead.  Zirconium  and  thorinum 
form  tetrachlorides  and  dioxides.  The  position  of  cerium  in  the 
series  is  altogether  doubtful. 

Tin  and  titanium  are  closely  related  to  sUicium,  each  forming 
a  volatile  tetrachloride  ;  namely,  stannic  chloride,  SnCl^,  and  titanic 
chloride,  TiCl4,  together  with  the  corresponding  oxides.  Tin  like- 
wise forms  the  stannous  compounds  in  which  it  is  bivalent,  e.g., 
SnClg,  SnO ;  and  titanium  forms  the  titanous  compounds,  in  which 
it  is  apparently  trivaleat  but  really  quadrivalent :  e.g.,  TiCl,  or 
TiaClg  =  ClaTi-TiClg. 

The  quadri valence  of  lead  is  inferred  from  the  composition  of 
plumbo-tetrethide,  Pb(C2H5)4 ;  but  in  most  of  its  compoimds  it  is 
bivalent,  forming  only  one  chloride,  PbCla,  with  corresponding 
iodide,  bromide,  and  fluoride.  It  forms  also  the  corresponding 
oxide,  PbO,  together  with  a  lower  oxide,  PbgO,  and  three  higher 
oxides,  Pb304,  Pb40g,  and  PbOg.  Lead  is  allied  to  barium  and 
strontium  by  the  isomorphism  of  its  sulphate  -with,  the  sulphates  of 
barium  and  strontium,  and  to  silver,  thallium,  and  mercury  by  the 
sparing  solubility  of  its  chloride,  which  is  precipitated  by  hydro- 
chloric acid  from  solutions  of  lead  salts. 

Platinum  and  its  alUed  metals  also  form  tetrachlorides  and 
dioxides  ;  but  these  metals  are  best  regarded  as  forming  a  group  by 
themselves. 

Glass  V. — Pentad  Metals. — 1.  Arsenic  forms  a  trichloride,  a 
trioxide,  and  corresponding  salts  ;  also  a  pentoxide,  and  correspond- 
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ing  salts,  called  arsenates,  analogous  to  the  phosjjhates.  Antimony 
forms  a  trichloride  and  a  pentacbloride  analogous  to  those  of  phos- 
phorus, also  the  corresponding  oxides.    Bismuth  forms  a  volatile 

BiCla 

trichloride,  and  a  dichloride,  Bi2Cl4,  or    |  Vanadium  was 

BiClg 

formerly  supposed  to  belong  to  the  tungsten  group,  hut  it  has  lately 
been  shown  to  be  a  pentad.  It  forms  a  trichloride,  VCl, ;  also  an 
oxychloride,  VOCI3,  analogous  to  phosphorus  oxychloride  ;  and 
the  oxides,  3  ^md  VgOg,  analogous  to  those  of  phosphorus  and 
iU'senic,  the  latter  yielding  a  series  of  salts,  the  vanadates,  isomorphous 
with  the  phosphates  and  arsenates  of  corresponding  composition. 

2.  Tantalum  and  niobium,  formerly  regarded  as  tetrads,  have 
been  shown  by  Marignac  to  form  pentachlorides  and  pentoxides. 
The  oxides  of  the  pentad  metals  are,  for  the  most  part,  of  acid 
character. 

Class  VI. — Hexad  Metals. — 1.  Chromium  forms  a  hexfluoride, 
CrFg,  and  a  corresponding  oxide,  CrOg.  It  likewise  forms  two  series 
of  compounds,  in  which  it  exhibits  lower  degrees  of  equivalence, 
viz.,  the  chromic  compounds  analogous  to  the  ferric  compomids,  in 
which,  like  aluminium  and  iron,  it  is  either  trivaleut  or  quadri- 

CrClg 

valent ;  e.g.,  chromic  chloride,  CrClj  or  Cr2Clg=  |       ;  and  the 

CrClg 

chromous  compounds,  analogous  to  the  ferrous  compounds,  in  which 
it  is  bivalent,  e.g.,  CrClj,  CrO. 

Uranium  forms  a  trioxide,  UO3,  and  an  oxychloride,  UO2CI2, 
analogous  to  Cr02Cl2. 

2.  Tungsten  forms  a  hexchloride,  WClg,  and  the  correspondiug 
oxide,  WO3.  Molybdenum  is  not  known  to  form  a  chloride 
liigher  than  M0CI4,  but  its  trioxide,  M0O3,  is  known  ;  and  from  the 
general  similarity  of  the  tungsten  and  molybdenum  compounds,  the 
latter  metal  is  inf  erred  to  be  hexadic. 

Class  VII. — Heptad  Metals. — The  only  metal  at  present  referable 
to  this  class  is  Manganese,  which  forms  a  heptachloride,  and  may 
also  be  regarded  as  heptadic  in  permanganic  acid,  HMn04,  and 
its  salts,  which,  as  already  observed,  are  isomorphous  witii  the 
perchlorates  (p.  267).  Manganese  is,  however,  more  conveniently 
described  in  connection  with  the  iron  group  of  metals. 

Class  VIII. — Iron  and  Platinum  Metals. — These  metals,  for 
reasons  already  assigned,  cannot  be  referred  to  either  of  the  preceding 
classes  (p.  268).  Besides  possessing  certain  physical  properties  in 
common,  they  exhibit  a  greater  tendency  than  any  of  the  preceding  to 
enter  into  combination,  sometimes  as  perissads,  sometimes  as  artiads. 

The  nine  metals  of  this  class  resemble  one  another  in  many 
respects  :— (1.)  They  axe  all  of  grey  colour  and  difficult  of  fusion. 
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(2.)  They  possess  in  a  high,  degree  the  power  of  condensing  and 
giving  passage  to  gases,  as  seen  especially  in  nickel,  palladium,  iron, 
and  platinum.  (3.)  Their  highest  oxides  are  bases,  or  acids  of  little 
energy,  which  are  easily  reduced  to  lower  oxides  of  more  decided 
basic  character.  (4.)  They  form  stable  double  cyanides  with  the 
alkali-metals,  Fe,  Eu,  and  Os,  yielding  analogous  compounds 
having  the  general  formula  K^RCy5 ;  Co,  Eh,  Ir  forming  salts 
having  the  general  formula  KgRCyg ;  Ni,  Pd,  Pt  forming  salts 
having  the  composition  KjRCy^.  (8.)  Some  of  their  compounds, 
especially  those  of  the  higher  degrees  of  combination,  are  distin- 
guished by  characteristic  colours. 

Copper  and  gold  might,  on  account  of  analogous  behaviour,  be 
included  in  the  eighth  class;  although,  according  to  the  consti- 
tution of  their  lower  oxides,  they  belong  to  the  first  or  monadic 
class. 

The  Iron  Groiip  includes  iron,  nickel,  and  cobalt,  perhaps  also 
manganese,  chromium,  and  cerium.  Iron  in  the  ferrous 
compounds  is  bivalent ;  in  the  ferric  compounds  it  may  be  regarded 
either  as  trivalent  or  as  quadrivalent,  ferric  chloride,  for  example, 
being  either  FeClg  or  Fe2Clg=  ClgFe  — FeClg.  The  vapour-density 
of  the  compound  tends  rather  to  support  the  latter  formula.  Iron 
also  forms  salts  called  fer  rates,  analogous  to  the  chromates,  in  which 
it  is  sexvalent.  Cobalt  forms  two  series  of  compounds  analogous 
to  the  ferrous  and  ferric  compoimds  ;  nickel  is  for  the  most  part 
bivalent,  but  it  also  forms  a  sesquioxide  NigOj. 

Manganese,  as  above  mentioned,  is  septivalent  in  its  highest 
chloride,  MnCl^  (the  composition  of  which  is,  however,  somewhat 
doubtful)  and  in  the  permanganates  ;  in  its  other  compounds  it 
resembles  iron,  being  bivalent  in  the  manganous,  tri-  or  quadri- 
valent in  the  manganic  compounds,  and  sexvalent  in  the  man- 
ganates,  e.g.,  KgMnO^,  which  are  analogous  to  the  sulphates, 
cliromates,  and  ferrates.  All  these  metals  decompose  water  at 
high  temperatures.  Nickel  and  cobalt  are  magnetic  like  iron, 
and  their  salts  are  isomorphous  with  the  corresponding  iron 
compounds. 

Chromium  forms  three  series  of  compounds  analogous  in  com- 
position and  in  many  of  their  properties  to  the  ferrous  and  ferric 
salts  and  the  ferrates.  Chromic  acid,  however,  and  the  corresponding 
anhydride  are  very  stable  compounds  ;  whereas  ferric  acid  and  the 
corresponding  anhydrous  oxide,  FeOg,  are  unknown,  and  the  ferrates 
are  very  unstable.  Cerium  is  bivalent  in  the  cerous  salts,  sexvalent 
in  eerie  fluoride,  CeFg,  and  forms  an  oxide,  Ce^O^,  analogous  to  fer- 
roso-ferric  oxide,  Fe304,  and  corresponding  salts. 

Platinum  Metals. — Platinum,  palladium,  iridium,  rhodium, 
ruthenium,  and  osmium,  form  a  natural  group  of  metals, 
occurring  together  in  the  metallic  state,  and  resembling  each 
other  in  many  of  their  properties.    Platinum  and  palladium  form 
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Aiichlorides  and  tetrachlorides,  with,  corresponding  oxides,  viz.,  PtClj, 
PtCl4,  PtO,  PtOj.  Iritlium  forms  a  dichloride,  a  tetrachloride,  and 
an  intermediate  chloride,  which  may  be  regarded  either  as  IrClg 
or  as  lr2Clu  =  C'l3lr  —  IrClj.  Rnthenium  and  osmium  form  chlorides 
similar  in  constitution  to  those  of  iridium  ;  rhodium  only  a 
dichloride,  RhClj,  and  a  trichloride,  Eh2Clg.  All  these  metals  form 
oxides  analogous  in  composition  to  their  chlorides,  e.g.,  IrO,  IrgOg, 
IrOj,  and  likewise  higher  oxides,  ii-idimn  and  rhodium  forming 
trioxides,  Ir03  and  RI1O3,  and  osmium  and  ruthenium  forming 
tetroxides,  OsO^  and  RUO4 ;  but  there  are  no  chlorides  corresponding 
with  these  oxides.  The  metals  of  the  platinum  group  are  not  acted 
upon  by  nitric  acid,  but  only  by  chlorine  or  nitromuriatic  acid. 
With  the  exception  of  osmium,  they  do  not  oxidise  in  the  air  at  any 
temperature,  and  their  oxides  are  all  reducible  by  heat  alone. 
These  metals,  together  with  gold,  silver,  and  mercury,  which  like- 
wise exhibit  the  last-mentioned  character,  are  sometimes  called  nohle 
metals. 

The  metals  of  the  alkalis  and  alkaline  earths,  on  account  of  their 
inferior  specific  gravity,  are  often  called  light  metals ;  the  others, 
heavy  metals. 


Metallic  Chlorides. — All  metals  combine  with  chlorine,  and 
most  of  them  in  several  ^proportions,  as  above  indicated,  forming 
compounds  which  may  be  regarded  as  derived  from  one  or  more 
molecules  of  hydrochloric  acid,  by  substitution  of  a  metal  for  an 
equivalent  quantity  of  hydrogen  ;  thus  : — 

From  HCl   are  derived  monochlorides  like  KCl 
„    H2CI2        „        dichlorides        „  BaClg 
„    H3CI3        „        trichlorides       „  AuClj 
„    H4CI4        „        tetrachlorides    „    SnCl4,  &c.,  &c. 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides 
in  general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride, 
or  common  salt,  occurs  in  enormous  quantities,  both  in  the  solid 
state  as  rock-salt,  and  dissolved  in  sea-water,  and  in  the  water  of 
rivers  and  springs.  Potassium  chloride  occurs  in  the  same  forms, 
but  in  smaller  quantity ;  the  chlorides  of  lithium,  caesium, 
rubidium,  and  thallium  also  occur  in  small  quantities  in  certain 
spring  waters.  Mercurous  chloride,  HgjClj,  and  silver  chloride, 
AgCl,  occur  as  natural  minerals. 

1.  Chlorides  are  generally  prepared  by  one  or  other  of  the 
following  processes  :  (1.)  By  acting  upon  the  metal  with  chlorine 
gas.  Antimony  pentachloride  and  copper  dichloride  are  examples 
of  chlorides  sometimes  produced  iu  this  mamier.    The  chlorides  of 
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gold  and  platintim  are  usually  prepared  hj  acting  upon  the  metals 
with  nascent  chlorine,  developed  hj  hydrochloric  and  nitric  acids. 
Sometimes,  on  the  other  hand,  the  metal  is  in  the  nascent  state,  as 
when  titanic  chloride  is  formed  by  passing  a  current  of  chlorme 
over  a  heated  mixture  of  charcoal  and  titanic  oxide.  The  chlorides 
of  aluminium  and  chromium  may  be  obtained  by  similar  processes. 

2.  Chlorine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the 
oxygen,  and  unites  with  the  respective  metals  to  form  chlorides. 
This  reaction  sometimes  takes  place  at  ordinary  temperatures,  as  in 
the  case  with  silver  oxide  ;  sometimes  only  at  a  red  heat,  as  is  the 
case  with  the  oxides  of  the  alkali-metals,  and  alkaline  earth-metals. 
The  hydroxides  and  carbonates  of  these  last  metals,  when  dissolved 
or  suspended  in  hot  water  and  treated  with  excess  of  chlorine,  are 
converted,  chiefly  into  chlorides,  partly  into  chlorates, 

3.  Many  metallic  chlorides  are  jirepared  by  acting  upon  the  metals 
with  hydrochloric  acid.  Zinc,  cadmium,  iron,  nickel,  cobalt,  and 
tm  dissolve  readily  in  hydrochloric  acid,  with  liberation  of  hydrogen ; 
copper  only  in  the  strong  boiling  acid  ;  silver,  mercury,  palladium, 
platmum,  and  gold,  not  at  all.  Sometimes  the  metal  is  substituted, 
not  for  hydrogen,  but  for  some  other  metal.  Stannous  chloride,  for 
instance,  is  frequently  made  by  distilling  metallic  tin  with  mercuric 
chloride  ;  thus  :  HgCl2-(-Sn  =  SnCl2-f-Hg. 

4.  By  dissolving  a  metallic  oxide,  hydroxide,  or  carbonate  in 
hydrochloric  acid. 

AH  monochlorides  and  dicUorides  are  soluble  in  water,  exceptuio- 
silver  chloride,  AgCl,  and  mercurous  chloride,  Hg^Cl, ;  lead  chloride" 
PbClg,  is  sparingly  soluble  ;  these  three  chlorides  are  easily  formed 
by  precipitation.  Many  metallic  chlorides  "dissolve  also  in  alcohol 
and  in  ether. 

Most  monochlorides,  dichlorides,  and  trichlorides  volatiKse  at  high 
temperatures  without  decomposition;  the  higher  chlorides  when 
heated  give  off  part  of  their  chlorine.  Some  chlorides  which  resist 
the  action  of  heat  alone  are  decomposed  by  ignition  in  the  air, 
yielding  metallic  oxides  and  free  chlorine  :  this  is  the  case  with  the 
dichlorides  of  iron  and  manganese  ;  but  most  dicUorides  remain 
undecomposed,  even  in  this  case.  All  metallic  chlorides,  excepting 
those  of  the  alkali-metals  and  earth-metals,  are  decomposed  at  a  red 
heat  by  hydrogen  gas,  with  formation  of  hydrochloric  acid  :  in  this 
way  metallic  ii-on  may  be  obtained  in  fine  cubical  crystals.  Silver 
chloride,  placed  in  contact  with  metallic  zinc  or  iron,  under  dilute 
sulphuric  or  hydrochloric  acid,  is  reduced  to  the  metaUic  state  by 
the  nascent  hydrogen. 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  most 
metallic  chlorides,  sometimes  at  ordinary,  sometimes  at  higher 
temperatures.  All  metallic  chlorides,  heated  Avith  lead  dioxide  or 
manganese  dioxide  and  sulphiu-ic  acid,  give  off  chlorine,  e.g.  : 

2NaCl  +  MnOa  +  SH^SO,  =  Na^SO^  +  MnSO^  +  2H2O  -I-  CI2  • 

Sodium  Mangnnese  Sulphuric  Sndium  Maiiganous 
■chloride.       dioxide.         acid.  sulphate.  sulphate. 


CHLORIDES. 


313 


Chlorides  distilled  with  sulj^huric  acid  and  potassium  chromate, 
yield  a  dark  bhiish-red  distillate  of  chromic  oxychloride.  Some 
metallic  chlorides  are  decomposed  by  water,  forming  hydrochloric 
acid  and  an  oxychloride,  e.g.:  BiCl3+H20  =  2HCl  +  Bi'C10.  The 
chlorides  of  antimony  and  stannous  chloride  are  decomposed  in  a 
similar'  manner. 

All  soluble  chlorides  give  with  solution  of  silver  nitrate,  a  white 
precipitate  of  silver  chloride,  easily  soluble  in  ammonia,  insoluble  in 
nitric  acid.  With  mermrous  nitrate,  they  yield  a  white  curdy  pre- 
cipitate of  merciu'ous  chloride,  blackened  by  ammonia  ;  and  with 
lead-salts,  not  too  dilute,  a  white  precipitate  of  lead  chloride, 
soluble  in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides  of 
the  non-metallic  elements,  forming  such  compounds  as  potassium 
chloromercurate,  aKCl.HgClj,  sodium  chloroplatinate,  2NaCl.PtCl4, 
potassium  chloriodate,  KCI.ICI3,  &c.  Metallic  chlorides  combine  in 
definite  proportions  with  ammonia  and  organic  bases  :  the  chlorides 
of  platinum  form  with  ammonia  the  compounds  2NH,.PtCL, 
4NH3.PtCl2,  2NH3.PtCl„  and  4NH3.PtCl4  ;  mercuric  chloride  forms, 
with  aniline  the  compound  2CgH7N.HgCl2,  &c. 

Chlorides  also  unite  with  oxides  and  sulphides,  forming 
oxychlorides  and  sulphochlorides,  which  may  be  regarded  as  chlorides 
having  part  of  their  chloriue  replaced  by  an  equivalent  quantity  of 
oxygen  or  sulphur  (Clj  by  0  or  S).  Bismuth,  for  example,  forms  an 
oxychloride  having  the  composition  BiClO  or  BiCl3.Bi203. 

Bromides. — Bromine  unites  directly  with  most  metals,  forming 
compounds  analogous  in  composition  to  the  chlorides,  and  resembling 
them  in  most  of  their  properties.  The  bromides  of  the  altali-metals 
occur  ia  sea- water  and  in  many  saline  springs  ;  sHver  bromide  occm-s 
as  a  natural  mineral.  Nearly  all  bromides  are  soluble  in  water,  and 
may  be  formed  by  treating  an  oxide,  hydroxide,  or  carbonate,  with 
hydrobromic  acid,  the  solutions  when  evaporated  giving  off  water 
for  the  most  part,  and  leaving  a  solid  metallic  bromide  ;  some  of 
them,  however,  namely,  the  bromides  of  magnesimn,  alimiinium,  and 
the  other  earth-metals,  are  more  or  less  decomposed  by  evaporation, 
givmg  off  hydrobromic  acid,  and  leaving  a  mixture  of  metallic 
bromide  and  oxide.  Silver  bromide  and  mercurous  bromide  are  in- 
soluble in  water,  and  lead  bromide  is  very  sparingly  soluble  ;  these 
are  obtained  by  precipitation. 

Metallic  bromides  are  solid  at  ordinary  temperatvu-es  ;  most  of 
them  luse  at  a  moderate  heat,  and  volatilise  at  higher  temperatm-es. 
ihe  bromides  of  gold  and  platinum  are  decomposed  by  mere  ex- 
posure to  heat ;  many  others  give  up  their  bromine  when  heated  in 
contact  with  the  air.  Chlorine,  with  the  aid  of  heat,  drives  out  the 
bromine  and  converts  them  into  chlorides.  Hydrochloric  acid  also 
aecomposes  them  at  a  red  heat,  giving  off  hydrobromic  acid.  Strong 
mlphuric  or  mtnc  acid  decomposes  them,  with  evolution  of  hydro- 
bromic acid,  which,  if  the  sulphuric  or  nitric  acid  is  concentrated, 
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and  in  excess,  is  partly  decomposed,  with  separation  of  bromine  and 
formation  of  sulphurous  oxide  or  nitrogen  dioxide.  Bromides  heated 
with  sulphuric  acid  and  manganese  dioxide  ov  potassium  chromate,  give 
off  free  bromine. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in 
the  form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red  or 
reddish-yellow  coloui-,  accorduig  to  the  quantity  of  bromine  present ; 
and  on  agitating  the  liquid  with  ether,  that  liquid  dissolves  the 
bromine,  formiug  a  red  solution,  which  rises  to  the  surface. 

Soluble  bromides  give  with  silver  nitrate  a  white  precipitate  of 
silver  bromide,  greatly  resembling  the  chloride,  but  much  less 
soluble  in  ammonia,  insoluble  in  hot  nitric  acid.  Mercurous  nitrate 
produces  a  yellowish-white  precipitate  ;  and  lead  acetate,  a  white 
precipitate  much  less  soluble  in  water  than  the  chloride.  Palladium 
nitrate  produces  ia  solutions  of  bromides  not  contaioing  chlorine,  a 
black  precipitate  of  bromide.  Palladium  chloride  produces  no  pre- 
cipitate ;  neither  does  the  nitrate,  if  soluble  chlorides  are  present. 

Bromides  unite  with  each  other  in  the  same  manner  as  chlorides ; 
also  with  oxides,  sulphides,  and  ammonia. 

Iodides. — These  compounds  are  obtained  by  processes  similar  to 
those  which  yield  the  chlorides  and  bromides.  Many  metals  unite 
directly  with  iodine.  Potassium  and  sodium  iodides  exist  in  sea- 
water  and  in  many  salt-springs  ;  silver  iodide  occurs  as  a  natural 
mineral. 

Metallic  iodides  are  analogous  to  the  bromides  and  chlorides  in 
composition  and  properties.  But  few  of  them  are  decomposed  by 
heat  alone  ;  the  iodides  of  gold,  silver,  platinum,  and  palladium, 
however,  give  up  their  iodine  when  heated. 

Most  metaUic  iodides  are  perfectly  soluble  in  water ;  but  lead 
iodide  is  very  slightly  soluble,  and  the  iodides  of  mercury  and  silver 
are  quite  insoluble. 

Solutions  of  iodides  evaporated  out  of  contact  of  air,  generally 
leave  anhydrous  metaUic  iodides,  which  partly  separate  in  the  crys- 
talline form  before  the  water  is  wholly  driven  off.  The  iodides  of 
the  earth-metals,  however,  are"  resolved,  on  evaporation,  iuto  the 
earthy  oxides  and  hydiiodic  acid,  which  escapes.  A  very  small 
quantity  of  chlorine  colours  the  solution  yellow  or  brown,  by  partial 
decomposition  ;  and  a  somewhat  larger  quantity  takes  up  the  whole 
of  the  metal,  forming  a  chloride,  and  separates  the  iodine,  which 
then  gives  a  blue  colour  with  starch ;  a  still  larger  quantity  of  chlo- 
riue  gives  the  liquid  a  paler  colour,  and  converts  the  separated  iodine 
iuto  trichloride  of  iodine,  which  does  not  give  a  blue  colour  with 
starch,  and  fi-equently  enters  into  combination  Avith  the  metallic 
chloride  produced.  Strong  sulphuric  acid  and  somewhat  concentrated 
nitric  acid  colour  the  solution  yellow  or  brown  ;  and  if  the  quantity 
of  the  iodide  is  large,  and  the  solution  much  concentrated  or  heated, 
they  liberate  iodine,  which  partly  escapes  in  -\aolet  vapours.  Starch 
mixed  with  the  solution,  even  if  it  be  very  dilute,  is  turned  blue— 
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permanently  when  the  decomposition  is  effected  hj  sulphuric  acid ; 
lor  a  time  only  when  it  is  effected  by  nitric  acid,  especially  it'  that 
acid  be  added  in,  large  quantity. 

The  aqueous  solution  of  an  iodide  gives  a  bro^\^l  precipitate  with 
salts  of  bi.wmtli ;  orange-yellow  with  lead  salts  ;  dirty- white  with 
cuprous  salts,  and  also  Avith  cupiic  salts,  especially  on  the  addition  of 
sulphurous  acid  ;  greenish-yellow  with  mercuro^is  salts  ;  scarlet  with 
mercuric  salts  ;  yeUowish-white  with  silver  salts ;  lemon-yellow  with 
gold  salts ;  brown  with  'platinic  salts — first,  however,  tiu-ning  the 
liqirid  dark  broA\Ti  red  ;  and  black  with  salts  of  palladium,  even  when 
extremely  dilute.  All  these  precipitates  consist  of  metallic  iodides, 
many  of  them  soluble  in  excess  of  the  soluble  iodide  :  the  silver  pre- 
cipitate is  insoluble  in  nitric  acid  and  very  little  soluble  in  ammonia. 

Metallic  iodides  unite  with  one  another,  forming  double  iodides, 
analogous  to  the  donble  chlorides  ;  they  also  absorb  ammonia  gas  in 
detinite  proportions.  Some  of  them,  as  those  of  antimony  and  tel- 
lurium, unite  with  the  oxides  of  the  corresponding  metals,  forming 
oxyiodides. 

Fluorides. — These  compounds  are  formed — 1.  By  heating  hy- 
drpfluoric  acid  with  certain  metals.  2.  By  the  action  of  that 
acid  on  metallic  oxides.  3.  By  heating  electro-negative  metals — 
antimony,  for  example— with  fluoride  of  lead  or  fluoride  of  mercury, 
4.  Volatile  metallic  fluorides  may  be  prepared  by  heating  fluor-spar 
with  sulphuric  acid  and  the  oxide  of  the  metal. 

Fluorides  have  no  metallic  lustre  ;  most  of  them  are  easily 
fusible,  and  for  the  most  part  resemble  the  chlorides,  They  are  not 
decomposed  by  ignition,  either  alone  or  when  mixed  with  charcoal. 
When  ignited  in  contact  with  the  air,  in  a  flame  which  contains 
aqueous  vapour,  many  of  them  are  converted  into  oxides,  while  the 
fluorine  is  given  off  as  hydrofluoric  acid.  All  fluorides  are  de- 
composed by  chlorine,  and  converted  into  chlorides.  They  are  not 
decomposed  by  ^/ics^^/ionc  oxrrfe,  unless  silica  is  pre.sent.  They  are 
decomposed  at  a  gentle  heat  by  strong  sulphuric  acid,  with  formation 
of  a  metallic  sulphate  and  evolution  of  hydrofluoric  acid. 

The  fluorides  of  tin  and  .silver  are  easily  soluble  in  water  ;  those 
of  potassium,  sodium,  and  iron  are  sparingly  soluble  ;  those  of 
strontram  and  cadmium  very  slightly  soluble,  and  the  rest  iasoluble. 
The  solutions  of  ammonium,  potas.sium,  and  sodium  fluoride  have 
an  alkaline  reaction.  The  aqueous  solutions  of  fluorides  corrode 
glass  vessels  in  which  they  are  kept  or  evaporated.  They  form  with 
soluble  calcium-salts  a  precipitate  of  calcium  fluoride,  in  the  form 
of  a  transparent  jelly,  which  is  scarcely  visible,  because  its  refractive 
power  IS  neariy  the  same  as  that  of  the  liquid  ;  the  addition  of 
ammonia  makes  it  plainer.  This  precipitate,  if  it  does  not  contain 
silica,  dissolves  with  difficulty  in  hydrochloric  or  nitric  acid,  and 
IS  re-prccipitated  by  ammonia.  The  aqueous  fluorides  give  a 
pulverulent  precipitate  with  lead  acetate. 

The  fluorides  of  antimpny,  arsenic,  chromium,  mercury,  niobium, 
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osmium,  tantalum,  tin,  titanium,  tungsten,  and  zinc,  are  volatile 
without  decomposition. 

Fluorine  has  a  great  tendency  to  form  douhle  salts,  consisting  of  a 
fluoride  of  a  basic  or  positive  metal  united  vnth  the  fluoride  of 
hydrogen,  boron,  silicon,  tin,  titaniiim,  zirconium,  &c.,  e.g. — 


The  four  classes  of  compounds  just  described,  the  chlorides, 
bromides,  iodides,  and  fluorides,  form  a  group  often  designated  as 
haloid  compounds  or  haloid*  salts,  from  their  analogy  to 
sodium  chloride  or  sea  salt,  which  may  be  regarded  as  a  type  of  them 
all  The  elements,  chlorine,  bromine,  iodine,  and  fluorine,  are 
called  halogens. 

Cyanides. — Closely  related  to  these  haloid  compounds  are  the 
cyanides,  formed  by  the  union  of  metals  with  the  group  CN, 
cyanogen,  which  is  a  monatomic  radicle  derived  from  the  saturated 
molecule,  C=N — H  (hydrocyanic  acid), by  abstraction  of  H ;  in  short, 
the  cyanides  may  be  regarded  as  chlorides  having  the  element  CI 
replaced  by  the  compound  radicle  CN  (p.  186). 

Some  metals — potassium  among  the  munber — are  converted  into 
cyanides  by  lieating  them  in  cyanogen  gas  or  vapour  of  hydrocyanic 
acid.  The  cyanides  of  the  alkali-metals  are  also  formed  (together 
with  cyanates)  by  passing  cyanogen  gas  over  the  heated  hydroxides  or 
carbonates  of  the  same  metals ;  potassirmi  cyanide  also,  by  passing 
nitrogen  gas  over  a  mixture  of  charcoal  and  hydroxide  or  carbonate  of 
potassium  at  a  bright  red  heat.  Cyanides  are  formed  abundantly 
when  nitrogenous  organic  compounds  are  heated  with  fixed  alkalis. 
Other  modes  of  formation  will  be  mentioned  hereafter. 

The  cyanides  of  the  alkali-metals  and  of  barium,  strontium, 
calcium,  magnesium,  and  mercury,  are  soluble  in  water,  and  may  be 
produced  by  treating  the  corresponding  oxides  or  hydroxides  with 
hydrocyanic  acid.  Nearly  all  other  metallic  cj'^anides  ai-e  insoluble, 
and  are  obtained  by  precipitation  from  the  soluble  cyanides. 

The  cyanides  of  the  alkaU-metals  sustain  a  red  heat  without  de- 
composition, provided  air  and  moisture  be  excluded.  The  cyanides 
of  many  of  the  heavy  metals,  as  lead,  iron,  cobalt,  nickel,  and  copper, 
under  these  circumstances,  give  oft' all  their  nitrogen  as  gas,  and 
leave  a  metallic  carbonate;  mercvu-ic  cyanide  is  resolved  into  mercury 
and  cyanogen  gas  ;  silver  cyanide  gives  ofl'  haK  its  cyanogen  as 
gas.  Most  cyanides,  when  heated  with  dilute  acids,  give  off  their 
cyanogen  as  hydi'ocyanic  acid. 


Potassium  hydrofluoride, 
Potassium  borofluoride^ 
Potassium  silicofluoride, 
Potassium  titanofluoride, 
Potassium  stannofluoride, 
Potassium  zircofluoride. 


KHF2 
KBF4 


KgSnF, 
K^ZrFe 


KF.HF 

KF.BF3 

2KF.SiF4 

2KF.TiF, 

2KF.SnF4 

2KF.ZrF4. 


*  From  aXs,  the  sea. 
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Cyanides  hare  a  strong  tendency  to  unite  with  one  another,  form- 
ing double  cyanides.  The  most  important  of  these  are  the  double 
cyanides  of  iron  and  potassium,  namely,  potassio-ferrous  cyanide, 
Fe'''K4(CN)g,  commonly  called  yellow  prussiate  of  potash ;  and  jjoias- 
sio-ferric  cyanide,  '¥e"'K^{C^)^.,  commonly  called  red  prussiate  of  potash. 
Both  these  are  splendidly  crystalline  salts,  which  dissolve  easily  in 
water,  and  form  highly  characteristic  precijDitates  with  many  metallic 
salts.  Th  ese  salts,  with  the  other  cyanides,  will  be  more  fully  described 
under  "  Organic  Chemistry ;"  but  they  are  mentioned  here,  on  account 
of  theii-  fi'equent  use  in  the  qualitative  analysis  of  metallic  solutions. 

Oxides. — All  metals  combine  with  oxygen,  and  most  of  them  in 
several  proportions.  In  almost  aU  cases  oxides  are  formed  correspond- 
ing in  composition  with  the  chlorides,  one  atom  of  oxygen  taking  the 
place  of  two  atoms  of  chlorine.  Many  metals  also  form  oxides  to  which 
no  chlorine  analogues  are  known ;  thus  lead,  which  forms  only  one 
chloride,  PbCl,,  forms,  in  addition  to  the  monoxide,  PbO,  a  dioxide, 
PbOj,  besides  oxides  of  intermediate  composition ;  osmium  also,  the 
highest  chloride  of  which  is  OSCI4,  forms,  in  addition  to  the  dioxide,  a 
trioxide  and  a  tetroxide.  This  arises  from  the  fact  that  any  number 
of  atoms  of  oxygen  or  other  dyad  element  may  enter  into  a  com- 
poimd  without  disturbing  the  balance  of  equivalency  (p.  262). 

J ust  as  chlorides  are  derived  by  substitution  fi'om  hydrochloric 
acid,  HCl  (p.  311),  so  likewise  may  oxides  be  derived  from  one  or 
more  molecules  of  water,  HjO  ;  but  as  the  molecule  of  water 
contains  two  hydrogen-atoms,  the  replacement  of  the  hydrogen  may, 
as  already  explained  (p.  245),  be  either  total  or  partial,  the  product 
in  the  first  case  being  an  anhydrous  metallic  oxide,  and  in  the 
second  a  hydrated  oxide  or  hydroxide,  in  which  the  oxygen  is 
associated  both  -with  hydrogen  and  with  metal ;  in  this  manner 
the  foEowing  hydroxides  and  anhycbous  oxides  may  be  constituted : 


Type. 

Hydroxides. 

Oxides. 

H^O   .  . 

KHO 

Ba"0 

Ba"H20o  . 

Sn'-O^ 

Bi"'H02 

H,03 

As'HG,  . 

Sn'-HgOg  . 

HioOg 

•  Sb'^Og. 

It  may  be  observed  that  the  hydroxides  of  artiad  metals  contain 
the  elements  of  a  molecule  of  the  corresponding  anhydrous  oxide, 
and  of  one  or  more  molecules  of  water,  and  may  therefore  also  be 
regarded  as  hydrates ;  thus — 

Barium  hydroxide  or  hydrate,  .  Ba"H,02  =  Ba"O.H„0 
Stannic        „  „         ,       Sn'-HrO,  =  Sn"0„.H„0 

Zircomum    „  .       Zr"H ,0,  =  Zr''02,2H20 . 
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But  the  hydroxide  of  a  perissad  metal  contains  in  its  molecule  only 
half  the  number  of  atoms  required  to  make  up  a  molecule  of  oxide 
together  with  a  molecule  of  water  ;  thus — 

Potassium  hydroxide,  .       .       KHO     =  i  (KjO.H^O) 
Bismuth  hydroxide,    .       .       Bi'"H02  =  |  (Ef'sOafHaO) 
Arseuic  hydroxide,     ,       .       As'HOa  =  |  (As''20j.H20) . 

These  perissad  hydi-oxides  cannot,  therefore,  be  correctly  regarded 
as  hydrates,  that  is,  as  compounds  of  anhydrous  oxide  and  water. 

Many  metallic  oxides  occur  as  natural  minerals,  and  some, 
especially  those  of  u-on,  tin,  and  copper,  in  large  quantities,  forming 
ores  from  which  the  metals  are  extracted. 

All  metals,  except  gold,  platinum,  iridium,  rhodium,  and  ruthen- 
ium, are  capable  of  uniting  directly  with  oxygen.  Some,  as  potassium, 
sodium,  and  barium,  oxidise  rapidly  on  exposure  to  the  air  at 
ordinary  temperatures,  and  decompose  water  with  energy.  Most 
metals,  however,  when  in  the  massive  state,  remain  perfectly  bright 
and  unacted  on  in  dry  air  or  oxygen  gas,  but  oxidise  slowly  when 
moisture^s  present ;  such  is  the  case  with  ii-on,  zinc,  and  lead.  Some 
of  the  ordinarily  permanent  metals,  when  in  a  very  finely  divided 
state,  as  lead  when  obtained  by  ignition  of  its  tarlTate,  and  iron 
reduced  fi'om  its  oxide  by  ignition  in  hydrogen  gas,  take  fire  and 
oxidise  spontaneously  as  soon  as  they  come  in  contact  with  the  air. 
Lead,  iron,  copper,  and  the  volatile  metals,  arsenic,  antimony,  zinc 
cadmium,  and  mercury,  are  converted  into  oxides  when  heated  in 
air  or  oxygen.  Many  metals,  especially  at  a  red  heat,  are  readUy 
oxidised  by  water  or  steam.  A  very  general  method  of  preparing 
metallic  oxides  is  to  subject  the  corresponding  hydroxides,  carbonates, 
nitrates,  sulphates,  or  any  oxygen-salts  containing  volatile  acids,  to 
the  action  of  heat. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of 
metallic  lustre.  The  majority  of  them  are  fusiljle  ;  those  of  lead  and 
bismuth  at  a  low  red  heat ;  those  of  copper  and  iron  at  a  white  heat ; 
those  of  barium  and  aluminium  before  the  oxy -hydrogen  blow-pipe  ; 
whUe  calcium  oxide  or  lime  does  not  fuse  at  any  temperature  to  which 
it  has  yet  been  subjected.  Oxides  are,  for  the  most  part,  much  less 
fusible  than  the  uncombined  metals.  Osmium  tetroxide,  and  the 
trioxides  of  arsenic  and  antimony,  are  readily  volatile. 

A  greater  or  lesser  degree  of  heat  effects  the  decomposition  of  many 
metallic  oxides.  Those  of  gold,  platinum,  silver,  and  mercury  are 
reduced  to  the  metallic  or  reguline  state  by  an  incipient  red  heat. 
At  a  somewhat  higher  temperature,  the  higher  oxides  of  barium, 
cobalt,  nickel,  and  lead  are  reduced  to  the  state  of  monoxides  ;  while 
the  trimetallic  tetroxides  of  manganese  and  iron,  Mn304  and  FegO^, 
are  produced  by  exposing  manganese  dioxide,  MnOj,  and  iron  sesqui- 
oxide,  FegOg,  respectively  to  a  still  stronger  heat.  By  gentle  ignition, 
arsenic  pentoxide  is  reduced  to  the  state  of  trioxide,  and  chromium 
tr^pxide  to  sesquioxide. 
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The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower 
state  of  oxidation  by  treatment  with  a  current  of  hydrogen  gas  at  a 
more  or  less  elevated  temperatm-e.  At  a  higher  degree  of  heat, 
hytb-ogen  gas  will  transform  to  the  regidine  state  all  met.allic  oxides 
except  the  sesquioxides  of  aluminium  and  chromium,  and  the 
monoxides  of  manganese,  magnesium,  barium,  strontium,  calcium, 
lithium,  sodiiun,  and  potassium.  The  temperature  necessary  to 
enable  hycb-ogen  to  effect  the  decomposition  of  some  oxides  is 
comparatively  low.  Thus  metallic  iron  may  be  reduced  from  its 
oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness.  Carbon, 
at  a  red  or  white  heat,  is  a  still  more  powerful  deoxidating  agent 
than  hydi-ogen,  and  seems  to  be  capable  of  completely  reducing  aU 
metallic  oxides  whatsoever.  The  oxidisable  metals  in  general  act 
as  reducing  agents. 

Chlorine  decomposes  aU  metallic  oxides,  except  those  of  the  earth- 
metals,  converting  them  into  chlorides,  and  expelling  the  oxygen. 
With  silver  oxide  this  reaction  takes  place  at  ordinary  temperatiu'es  ; 
with  the  alkalis  and  alkaline  earths,  at  a  fuU  red  heat.  SulphiLr,  at 
high  temperatures,  can  decompose  most  metallic  oxides ;  with 
many  oxides— those  of  silver,  mercury,  lead,  and  copper,  for  instance 
—metallic  sulphides  and  sulphur  dioxide  are  produced  ;  with  the 
highly  basylous  oxides,  the  products  are  metallic  sulphate  and 
sulphide.  There  are  some  oxides  upon  which  sulphur  exerts  no 
action,  Of  these  the  principal  are  magnesia,  alumina,  chromic, 
stannic,  and  titanic  oxides.  By  boiling  sulphiu-  with  soluble  hy  cboxides 
mixtures  of  polysulphide  and  thiosulphate  axe  produced.  With  tlie 
exception  of  magnesia,  alumina,  and  chromic  oxide,  most  metallic 
oxides  can  absorb  sulphuretted  hydrogen,  to  form  metallic  sulp)hide 
or  hydrosulphide  and  water. 

Oxygen-salts  or  Oxysalts.— Ithas  been  already  explained  in 
the  chapter  on  Oxygen  (p.  123)  that  oxides  may  be  divided  into  three 
clas-ses,  acid,  neutral,  and  basic;  the  first  and  third  being  capable  of 
uniting  with  one  another  in  definite  proportions,  and  formino- 
compounds  caUed  salts.  The  most  characteristic  of  the  acid  oxides 
are  those  of  certain  metalloids,  as  nitrogen,  sulphur,  and  phosphorus 
which  unite  readily  with  water  or  the  elements  of  water,  forminc' 
compoumls  called  oxygen  -  acids,  distinguished  by  sour  taste", 
solubihty  m  water,  and  the  power  of  reddening  certain  veo-etable 
blue  colours.  The  most  characteristic  of  the  basic  oxides,  on  the 
other  hand,  are  those  of  the  alkaU-metals  and  alkaline  earth-metals 
(p.  307),  winch  likewise  di.ssolve  in  water,  but  form  alkaline  solutions, 
possessmg  m  an  eminent  degree  the  power  of  neutralising  acids  and 
tormmg  salts  with  them.  The  same  power  is  exhibited  more  or 
less  by  the  monoxides  of  most  other  metals,  as  zinc.  Iron,  copper, 
manganese,  &c.,  and  by  the  sesquioxides  of  aluminium,  iron 
chromium  and  others.  The  higher  oxides  of  several  of  these 
metals— the  trioxides  of  chromium,  for  example- exhibit  acid 
characters,  being  capable  of  forming  salts  with  the  more  basic 
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oxides ;  and  some  metals,  as  arsenic,  antimony,  niobium,  and 
•tantalum,  form  only  acid  oxides. 

In  some  cases  salts  are  formed  by  the  direct  combination  of  an 
acid  and  a  basic  oxide.  Tkus,  when  vapour  of  sulphuric  oxide,  SO3, 
is  passed  over  red-hot  barium  oxide,  BaO,  the  two  combine  together, 
and  form  barium  sulphate,  BaO.SOg  or  BaSO^.  Silicic  oxide,  SiOj, 
phosphoric  oxide,  P2O5,  boric  oxide,  B2O3,  and  other  acid  oxides 
capable  of  withstanding  a  high  temperature  without  decomposing  or 
volatilising,  likewise  luiite  with  basic  oxides  when  heated  with  them, 
and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  formed  by  sub-stitu- 
tion,  or  interchange  of  a  metal  for  hydrogen,  or  of  one  metal  for 
another.  It  is  clear,  indeed,  that  any  metallic  salt  (zinc  sulj)hate, 
ZnO.SOg,  for  example)  may  be  derived  from  the  corresponding  acid  or 
hydrogen  salt  (HgO.SOg)  by  substitution  of  a  metal  for  an  equivalent 
quantity  of  hydrogen.  Accordingly,  metallic  salts  are  frequently 
produced  by  the  action  of  an  acid  on  a  metal  or  a  metallic  oxide  or 
hydroxide,  thus — 


(!•) 

H2SO, 

+ 

Zn 

ZnSO^ 

+ 

Hydrogen 
sulphate. 

Zinc 
sulphate. 

(2.) 

2HNO3 

+ 

2AgN03 

+ 

H2O. 

Hydrogen 
nitrate. 

Silver 
oxide. 

Silver 
nitrate. 

Water. 

(3.) 

HNO3 

+ 

KHO  = 

KNO3 

+ 

R,0. 

Hydrogen 
nitrate. 

Potassium 
hydroxide. 

Potassium 
nitrate. 

Water. 

In  the  instances  represented  by  these  equations,  the  metaUie  salts 
formed  are  soluble  in  water.  Insoluble  salts  are  frequently  prepared 
by  interchange  of  the  metals  between  two  soluble  salts  ;  thus — 


(4.) 


Ba(N03)2 

Barium 
nitrate. 


+ 


Na^SOi 

Sodium 
sulphate. 


BaSO^ 

Barium 
sulphate. 


+  2NaN03. 

Sodium 
nitrate. 


In  this  case  the  barium  sulphate,  being  insoluble,  is  precijiitated, 
while  the  sodium  nitrate  remains  in  solution. 

In  all  these  reactions,  hydrochloric  acid  or  a  metallic  chloride 
might  be  substituted  for  the  oxygen-acid  cn:  oxj^gen-salt,  without  the 
slightest  alteration  in  the  mode  of  action,  the  product  formed  in  each 
case  being  a  chloride  instead  of  a  nitrate  or  sulphate  ;  thus  : — 


(1)  '  2HC1 

(2)  '  2HC1 

(3)  '  HCl 

(4)  AgNOa 


+ 
+ 
+ 
+ 


Zn 
Ag.30 
KHO 
NaCl 


ZnCU  -I- 

2AgCr  + 

KCl  -t- 

AgCl  -I- 


H.,0 

h;o 

NaNO, 


From  aU  these  considerations  it  appears  that  oxygen-salts  may  be 
regarded,  either  as  compounds  of  acid  oxides  with  basic  oxides,  or  as 
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analogous  in  composition  to  chlorides, — that  is  to  say,  as  componncfe 
of  a  metal  with  a  radicle  or  group  of  elements,  such  as  NO3  (nitrione)] 
in  the  nitrates,  SO4  (sulphione),  in  the  sulphates,  discharging  functions  ' 
similar  to  those  of  chlorine,  and  capable,  like  that  element,  of  passing- 
imchanged  from  one  compound  to  another. 

For  many  years,  indeed,  it  was  a  subject  of  discussion  among 
chemists,  whether  the  former  or  the  latter  of  these  views  shoidd  be 
regarded  as  representing  the  adtucl  constitution  of  oxygen-salts. 
BerzeKus  divided  salts  into  two  classes : — 1 .  H  a  1 0  id  s  a  1 1  s,  comprising, 
as  already  mentioned,  the  chlorides,  bromides,  iodides,  and  fluorides, 
which  are  compoimds  of  a  metal  with  a  monad  metallic  element. — 
2.  A  nap  hid  salts,  consisting  of  an  acid  or  electro-negative  oxide, 
sulphide,  selenide,  or  tellm-ide,  with  a  basic  or  electro-positive 
compound  of  the  same  kind ;  such  as  potassium  arsenate,  SKgO.AsjO^ ; 
potassiiun  sirlpharsenate,  SKjS.As^Sj ;  potassium  seleniophosphate, 
2K2Se.P2Se5,  &c. 

Da\y,  on  the  other  hand,  observing  the  close  analogy  between  the 
reactions  of  chlorides,  on  the  one  hand,  and  of  oxygen-salts,  such 
as_  sidphates,  niti-ates,  &c.,  on  the  other,  suggested  that  the  latter 
might  be  regarded,  like  the  former,  as  compounds  of  metals  vnth 
acid  or  electro-negative  radicles,  the  only  difference  being,  that  in. 
the  former  the  acid  radicle  is  an  elementary  body,  Cl,Br,  &c., 
whereas  in  the  former  it  is  a  compoimd,  as  SO4,  NO3,  PO4,  &c. 
TMs  was  called  the  binary  theory  of  salts;  it  was  supported  by 
many  ingenious  argirments  hj  its  proposer  and  several  contemporary 
chemists  ;  in  later  years  also  by  Liebig,  and  by  DanieU  and  Miller, 
who  observed  that  the  mode  of  decomposition  of  salts  by  the  electric 
current  is  more  easily  represented  by  this  theory  than  by  the  older 
one  (p.  290.)  ' 

At  the  present  day,  the  relative  merits  of  these  two  theories  are 
not  regarded  as  a  point  of  very  great  importance.  Chemists,  iu  fact, 
no  longer  attempt  to  construct  formulas  which  shall  represent  the 
actual  arrangement  of  atoms  in  a  compound,  the  formula3  now  in 
iise  being  rather  intended  to  exhibit,  first,  the  balance  or  neutralisa- 
tion of  the  units  of  equivalency  or  atomicity  of  the  several  elements 
contamed  in  a  compoimd  (p.  267) ;  and,  secondly,  the  manner  ia 
which  any  compound  or  group  of  atoms  splits  up  into  subordinate 
groups  under  the  influence  of  different  reagents.  According  to  the 
latter  view,  a  compound  containing  three  or  more  elementary  atoms 
may  be  represented  by  different  formulae  corresponding  with  the 
several  ways  in  which  it  decomposes.  Thus  hydi-ogen  sulphate  or 
sulphuric  acid,  HjSO^,  may  be  represented  by  either  of  the  following 
lonnulte  ; — 

1.  H2.SO4,  which  represents  the  separation  of  hydrogen  and 
tomiation  of  a  metaUic  sulphate,  by  the  action  of  zinc,'&c.  ;  this  is 
tne  tonnula  corresiiontUng  with  the  binary  theory  of  salts. 

2.  b0.j.H.p.  This  formula  represents  the  formation  of  the  acid 
by  rlirect  hydration  of  sulphuric  oxide  ;  the  separation  of  water  and 
formation  of  a  metallic  sulphate  by  the  action  of  magnesia  and  other 
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anhydrous  oxides ;  arid  the  separation  of  sulphuric  oxide  and 
formation  of  phosphoric  acid  by  the  action  of  phosphoric  oxide  : — 

S03.H,0  +  MgO  =  SOg-MgO  +  H,0 
S03.H;0    +    P,0,    =    P^O^.H^O   +  SO3. 

3.  SOg.OjHj,  or  302(011)2.  This  formula  represents  such  reactions 
as  the  elimination  of  hydrogen  dioxide  by  the  action  of  barium 
dioxide,  Ba02. 

'  4.  SHg.  O4.  This  formula  represents  the  formation  of  sulphuric 
acid  by  direct  oxidation  of  hydrogen  sulphide,  SHj,  and  the 
elimination  of  the  latter  by  the  action  of  ferrous  sulphide  : — 

SH2.O4  +  FeS  =  FeSOi  +  SHg. 

.  Formulas  of  the  third  of  these  types,  like  S02(OH)2,  which 
represent  oxygen-acids  as  compounds  of  hydroxyl  ^^dth  certain  acid 
radicles,  asSOg"  (sulphmyl),  CO"  (carbonyl),  PO'"  (phosphoryl),  &c., 
correspond  with  a  great  variety  of  reactions,  and  are  of  very  frequent 
use.  They  exhibit  in  particular  the  relation  of  the  oxygen-acids 
(hydroxylates)  to  the  corresponding  chlorides,  e.g. : — 

(S02)(OH)2  (S02)Cl2 

Sulphuric  acid.  Sulphuric  chloride. 

(P0)(0H)3  (P0)Cl3 

Phosphoric  acid.  Phosplioric  chloride. 

Basicity  of  Acids. — Normal,  Acid  and  Double  Salts. — Acids  are 
monobasic,  bibasic,  tribasic,  &c.,  according  as  they  contain  one  or 
more  atoms  of  hydrogen  replaceable  by  metals  ;  thus  nitric  acid, 
HNOg,  and  hydrochloric  acid,  HCl,  are  monobasic  ;  sulphuric  acid, 
H2SO4,  is  bibasic  ;  phosphoric  acid,  H3PO4,  is  tribasic. 

Monobasic  acids  form  but  one  class  of  salts  by  substitution,  the 
metal  taking  the  place  of  the  hydrogen  in  one,  two,  or  three 
molecules  of  the  acid,  according  to  its  equivalent  value  or  atomicity  ; 
thus  the  action  of  hydrochloric  acid  on  sodium,  zinc,  and  aluminium 
is  represented  by  the  equations  : 

HCl  +  m  =  NaCl  -t-  H 
2HG1  -f-  Zn  =  ZnGl2  +  H, 
3HC1      Al    =  AICI3  +  H3^ 

and  that  of  nitric  acid  on  the  hydi'oxides  of  the  same  metals  by 
the  equations  : 

HNO3  +  Na(HO)  =  NaNOg  +  H(HO) 
2HNO3  +  Ba(H0)2  =  Ba(N03)2  +  2H(H0) 
3HNO3  +  A1(H0)3     -  A1(N02)3    -f-  3H(H0). 

Bibasic  acids,  on  the  other  hand,  form  two  classes  of  salts,  viz, 
primary  or  acid  salts,  in  which  half  the  hydrogen  is  replaced  by 
a  metal ;  and  secondary  salts,  in  which  the  whole  of  the  hydrogen 
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is  thus  replaced,  the  salt  being  called  normal  or  neutral,  if  it  contains 
one  metal,  and  do  uble  if  it  contains  two  metals  ;  thus  : 

ihydi-o-potassic  sulphate,  pri- 
mary, or  acid  potassium 
sulphate, 

K  SO  [  bipotassic  sulphate,  second- 

"  •      "  ■  "  ^     *  (     ary,  or  normal  sulphate, 

„        „  „       BaSO^  barium  sulphate, 

„  SHjSO^        „       NaK3(S04)2     sodio-tripotassic  sulphate, 
„'       „  „       KA1(S04)2      potassio-ahuninic  sulphate, 

SHjSO^        „       Al2(S04)3        normal  aluminium  sulphate. 

Tribasic  acids  in  like  manner  form  two  classes  of  acid  salts, 
primary  or  secondary,  according  as  one-third  or  two-thirds  of  the 
hydrogen  is  replaced  by  a  metal;  also  tertiary  salts,  including  normal 
and  double  or  trijile  salts,  in  which  the  hydrogen  is  wholly  replaced 
one  or  more  metals  ;  in  quadribasic  acids  the  variety  is  of  course 
still  greater. 

The  use  of  the  terminatious  ous  and  ic,  as  applied  to  salts,  has 
already  been  explained.  We  have  only  further  to  observe  in  this 
place  that  when  a  metal  forms  but  one  class  of  salts,  it  is  for  the 
most  part  better  to  designate  those  salts  by  the  name  of  the  metal 
itself  than  by  an  adjective  ending  in  ic;  thus  potassium  nitrate,  and 
lead  sulphate,  are  mostly  to  be  preferred  to  potassic  nitrate  and 
plumbic  sulphate.  But  in  naming  double  salts,  and  in  many  cases 
where  a  numeral  prefix  is  required,  the  names  ending  in  ic  are  more 
euphonious  ;  thus  triplumbic  phosphate  sounds  better  than  trilead 
phosphate,  and  hydrodisodic  phoq:)hate  is  certainly  better  than 
hydrogen  and  disodium  phosphate;  but  there  is  no  occasion  for  a 
rigid  adherence  to  either  system. 

All  oxygen-salts  may  also  be  represented  as  compounds  of  an  acid 
oxide  with  one  or  more  molecules  of  the  same  or  different  basic 
oxides,  including  water,  e.g. : 

Hydro-potassic  sulphate,     2HK(S04)  =  HgO.K.p.aSOg 

Sodio-tripotassic  sulphate,  2NaK3(S04)2  =  Na20.3K,0.4SOi 

Potassio-aluminic  sulphate,  SKAICSOA  =  K,O.Al2d3.4S03 

HydrocUsodic  phosphate,     2HNa2(P04)  =  H2O.2Na2O.P2O5. 

When  a  normal  oxygen-salt  is  thus  formulated,  it  is  easy  to  see 
that  the  number  of  molei;ules  of  acid  oxide  contained  in  its  molecule 
is  equal  to  the  number  of  oxygen-atoms  in  the  base  ;  thus  : 

Normal  potassium  sulphate,    K2SO4  =  KgO.SOg 

„      bariiim  sulphate,       BaS04  =  BaO.SOg 

„      stannic  sulphate,        Sn(S04)2  =  SnOj.SSOg 

„      aluminiimi  sulphate,  Al2(S04)3  =  AlgOy.SSOj. 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is 
called  basic  ;  such  salts  may  be  regarded  as  compounds  of  a  normal 
salt  with  one  or  more  molecules  of  basic  oxide,  or  as  derived  torn. 


324 


CHEMISTRY  OP  THE  METALS. 


normal  salts  hj  substitution  of  oxygen  for  an  equivalent  quantity  of 
the  acid  radicle  ;  thus  : 

Tribasic  lead  nitrate,  SPbO.NA     =  Pb(N03)2.2PbO 

=  Pb3(N03),0, 

-  A1,(S0^309. 

The  last  mode  of  formulation  exhibits  the  analogy  of  these  basic 
oxysalts  to  the  oxvchlorides,  oxyiodides,  &c.  ;  thus  the  basic  lead 
nitrate,  Pb3(N03).,d,,  just  mentioned,  is  analogous  to  the  oxychloride 
of  that  metal,  PbgCl^Og,  which  occurs  native  as  mendipite. 

The  terms  basic  and  acid  axe  sometimes  applied  to  salts  with 
reference  to  their  action  on  vegetable  colours.  The  normal  salts 
formed  by  the  imion  of  the  stronger  acids  with  the  alkalis  and 
alkaUne  earths,  such  as  potassium  sulphate,  K2SO4,  barium  nitrate, 
Ba(N03)2,  &c.,  are  perfectly  neutral  to  vegetable  colours,  but  most 
other  normal  salts  exhibit  either  an  acid  or  an  alkaline  reaction  ; 
thus  ferrous  sulphate,  cupric  sulphate,  silver  nitrate,  and  many 
others,  redden  litmus,  whUe  the  normal  carbonates  and  phosphates 
of  the  aliali-metals  exhibit  a  decided  altaliue  leaction.  It  is  clear, 
then,  that  the  action  of  a  salt  on  vegetable  colours  bears  no  definite 
relation  to  its  composition  :  hence  the  term  normal,  as  applied  to 
salts  in  wMch  the  basic  hydrogen  of  the  acid  is  wholly  replaced,  is 
preferable  to  neutral,  and  the  terms  basic  and  acid,  as  a]3plied  to  salts, 
are  best  used  iu  the  manner  above  explained  with  reference  to  their 
composition. 

When  a  normal  salt  contaiaing  a  monoxide  passes  by  oxidation  to 
a  salt  containing  a  sesquioxide,  dioxide,  or  trioxide,  the  quantity  of 
acid  present  is  no  longer  sufficient  to  saturate  the  base.  Thus  when 
a  solution  of  ferrous  sulphate,  FeSO^,  or  PeO.SOg  (commoa  green 
vitriol),  is  exposed  to  the  air,  it  absorbs  oxygen,  and  an  insoluble 
ferric  salt  is  produced  containing  an  excess  of  base,  while  normal 
ferric  sulphate  remains  in  solution  : 

4CPeO.S03)    +    02    =    Fe203.3S03    +  re203.S03. 

_  1  ,   ^  Normal  ferric  Basic  ferric 

Ferrous  sulphate.  svapliate.  sulphate. 

These  basic  salts  are  very  often  insoluble  in  water. 

Salts  containing  a  proportion  of  acid  oxide  larger  than  is  sufficient 
to  form  a  neutral  compound  are  called  anhydro-salts  (sometimes, 
though  improperly,  acid  salts  ;  they  may  e\ddently  be  regarded  as 
compounds  of  a  normal  salt  with  excess  of  acid  oxide  ;  e.g. : 

Sodiiun  anhyclrosvilphate*     j  Na20.(S03)2  =  Na,(S0,)S03 
(bisulphate  ot  soda),         J      2    v     j/a  2\     4/  j 

Potassium  auhydrochromate  )  K20.(Cr03)2  =  K,(CrO,).Cr03. 
(bichromate  of  potash),     J    ^    ^      ^'^  * 

*  The  so-called  "  anhydrosulpliates  "  are  now  regarded  as  salts  of  a  dis- 
tinct acid,  pyrosulpliiu'ic  acid,  H2S0O7  (p.  212). 
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The  following  is  a  list  of  the  most  important  inorganic  acids 
arranged  according  to  their  basicity  : — 


Hydroehlorie, 
Hydrobromic, 
Hydriodic, 
Hydrofiuorie, 
Nitrous,  . 
Nitric, 
Hyposulphurous, 
Hypophosphorous, 
iiletaphospboric, 


Monobasic  Acids. 
Boric, 


Orthophosphoric, 


PjTophosphoric, 


HCl 
HBr 
HI 
HF 
HNO3 
HNO., 
H.SHOo 
H(PHoO.,) 
HPO.,  " 


Antimonic, 
Hypoehlorous 
Chlorous, 
Chloric, 
Perchloric, 
Bromic, 
Iodic, 
Periodic, 


Dibasic  Acids. 


Hydric  (water), 

H..OH 

Salphydrie, 

His 

Selenhydric, 
Tellurhydric,  . 

H^Se 

HjTe 

Sulphurous, 

H3SO, 

Sulphuric, 
Pyrosulphurie,  . 

H„S04 

H^S^Oy 

Thiosulpburic,  . 

.  H,s;o3 

Dithionic, 

H^S^Og 

Trithiouic, 

H2S305 

Tetrathionic, 

Pentathionic,  . 

Selenious, 

Selenic, 

Tellurous, 

Telluric, 

Manganic, 

Permanganic, 

Chromic, 

Stannic, 

Metasilicic, 

Carbonic, 

Phosphorous, 


Tribasic  Acids. 
H3PO4  I  Arsenic, 

Tetrabasic  Acids. 
H4P2O7  I  Orthosilicic, 


HBO2 

HSbOs 

HCIO 

HCIO., 

HCIO3 

HCIO4 

HBrO, 

HIO3 

HIO, 


HaSe.Og 
H.,Se04 
H;Te03 
H,Te04 

H.,Muo08 

HsCrO^ 

H.SnOj 

HjSiOs 

HgCO.; 

H,{PH0(3 


H3ASO4 


H.SiO., 


The  general  characters  of  most  of  the  non-metallic  acids  and  their 
salts  have  been  already  considered;  bnt  the  phosphates  require 
turther  notice.    ,  j.     j.  1 

Phosphates.— There  are  three  modifications  of  phosphoric  acid : 
one  being  monobasic,  the  second  tribasic,  and  the  thii'd  tetrabasic, 
as  indicated  in  the  preceding  table. 

Hydrogen  phosphide,  PH,,  burnt  in  air  or  oxygen  gas,  takes  up 
tour  atoms  ot  oxygen,  and  forms  trihydric  phosphate  or  tribasic 
phosphoric  acid,  PH3O4.  The  same  acid  is  produced  by  the 
oxidation  ot  hypophosphorous  or  phosphorous  acid;  by  oxidisincr 
phosphorus  with  nitric  acid  (p.  237)  ;  by  the  decomposition  of 
native  calcium  phosphate  (apatite)  and  other  native  phosphates  ; 
and  by  the  action  of  boiling  water  on  phosphorus  peutoxide,  1\0^. 
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This  acid  forms  three  distinct  classes  of  metallic  salts.  With  sodium, 
for  examijle,  it  forms  the  three  salts,  NaH2P04,  Na2HP04,  and 
Na3P04,  the  first  two  of  which,  still  containing  replaceable  hydro- 
gen, are  acid  salts,  while  the  third  is  the  normal  or  neutral  salt. 

If  now  the  monosodic  phosphate,  NaHgPO^,  be  heated  to  redness, 
it  gives  off  on6  molecule  of  water,  and  leaves  an  anhydrous  monosodic 
phosphate,  NaP03,  the  aqueous  solution  of  which,  when  treated 
with  lead  nitrate,  yields  a  lead-salt  of  con-esponding  composition ; 
thus : — 

2NaP03  +  Pb(N03)2  =  Pb(P03)2  -1-  2NaN03  ; 
and  this  lead-salt  decomposed  by  sulphydric  acid,  yields  a  mono- 
hydric  acid  having  the  composition  HPO3,  possessing  properties 
quite  distinct  fi'om  those  of  the  trihydric  acid  above  mentioned : 

Pb(P03)2  +  H2S  =  2HPO3  +  PbS. 
The  trihydric  acid  which  is  produced  by  the  oxidati'on  of  phosphorus, 
and  by  the  decomposition  of  the  ordinary  native  phosphates,  is  called 
orthophosphoric  acid  or  ordinary  phosphoric  acid;  the 
monohydric  acid  is  called  meta phosphoric  acid.  The  former 
may  be  regarded  as  a  tritiydrate,  the  latter  as  a  monohydi'ate  of 
phosphoric  oxide : — 

2H3PO4  =  PjOg.SHgO,  orthophosphoric  acid, 
2HPO3    =  P2O5.H2O,  metaphosphoric  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the 
action  of  boili^ig  water,  the  latter  by  that  of  cold  water  on  phosphoric 
oxide.  They  are  easily  distinguished  fi-om  one  another  by  their 
reactions  with  albumin  and  with  silver  nitrate.  Metaphosphoric 
acid  coagulates  albumin,  and  gives  a  white  precipitate  with  silver 
nitrate ;  whereas  orthophosphoric  acid  does  not  coagulate  albiuuin, 
and  gives  no  precipitate,  or  a  very  slight  one,  with  silver  nitrate, 
till  it  is  neutralised  with  an  alkali,  in  wMch  case  a  yellow  precipitate 
is  formed. 

Metaphosphoric  acid  and  its  salts  differ  froni  orthophosphoric  acid 
and  the  orthophosphates  by  the  want  of  one  or  two  atoms  of  "water 
or  base ;  thus : — 

Metaphosphates.  Ortliophospliates, 

HPO3      =  H3PO4         -  H,0 

NaP03     =  NaHoPO^     -  H^O 

Ba(P03)2  =  BaH;(P04),  -  2H;0 

AgPOg     =  Ag,PO,     "  -  Ag20 

Pb(P03)2  =  Pb3(P04)2     -  2PbO . 

Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are 
convertible  one  into  the  other  by  the  loss  or  gain  of  one  or  two 
molecules  of  water-  or  metallic  base  ;  thus  : — 

«.  A  solution  of  metaphosphoric  acid  is  converted,  slowly  at 
ordinary  temperatures,  quicldy  at  the  boiling  heat,  into  orthophos- 
phoric acid,  and  the  metaphosphates  of  sodium  and  barium  are 
converted  by  boiling  with  water  into  the  corresponding  mono- 
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metallic  orthophosphates  (see  the  fii'st  three  equations  ahove),  

/3.  The  metaphosphate  of  a  heavy  metal,  siLve]-  or  lead,  for 
example,  is  converted  by  boiling  with  water  into'  a  trime'tallic 
phosj^hate  aud  orthophosphoric  acid  : — 

SAgPOj  +  SH^O  =  Ag.PO,  +  2H3PO4. 

7.  When  any  metaphosphate  is  fused  with  an  oxide,  hydrate,  or 
carbonate,  it  becomes  a  trimetaUic  orthophosphate,  e.g. : 

NaPOj  +  Na^COg  =  ^S&^VO^  +  COg. 

On  the  other  hand  (3),  when  orthophosphoric  acid  is  heated  to 
redness,  it  loses  water  and  becomes  metaphosphoric  acid ;  and  when 
a  monometallic  orthophosphate  is  heated  to  redness,  it  also  loses  water 
and  is  transformed  into  a  metaphosphate. 

Intermediate  between  orthophosphates  an/l  metaphosphates,  there 
are_  at  least  three  distinct  classes  of  salts,  the  most  important  of 
which  are  the  pyrophosphates  or  paraphosphates,  which  may 
be  derived  from  the  tetrahydric  or  quadribasic  acid,  B.^V^O.,  the 
normal  sodimn  salt,  for  example,  being  Na-^PgO,.,  the  normal  lead 
salt,  PboPoO^,  &c.  These  salts  may  be  viewed  as  compounds  of 
orthophosjjhate  aud  metaphosphate,  e.g. : 

Na^PaOr  =  NagPO^  +  NaPOg .. 

Sodium  pyrophosphate  is  produced  by  heating  disodic  orthophos- 
phate to  redness,  a  molecule  of  water  being  then  given  off: 

SNa^HPO^  =  H2O  +  Na.P^Oy. 

The  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates 
with  lead  and  silver  salts  ;  thus  with  lead  nitrate  : 

Na.P^O,  +  2Pb(N03)2  =  4NaN03  +  Pb^P^Oy  ; 

and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields 
hydrogen  pyrophosphate  or  pyi-ophosphoric  acid  : 

PbjPp,  +  2H2S  =  2PbS  +  H4P2O, . 

Pyrophosphoric  acid  is  distinguished  from  metaphosphoric  acid  by 
not  coagulatmg  albumin  and  not  precipitating  neutral  solutions  of 
barium  or  silver  salts,  and  from  orthophosphoric  acid  by  producing 
a  white  instead  of  a  yeUow  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  metaphosphates  and 
orthophosphates,  and  vice  versd,  by  addition  or  abstraction  of  water 
or  a  metallic  base. 

•  «.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by 
loss  ot  water  has  been  already  mentioned.— /3.  Conversely  when  a 
pyrophosphate  is  heated  with  water  or  a  base,  it  becomes  an  ortho- 
phosphate, e.g.: 

Na^PPy  +    H2O      ^  2Na2HP04 
Na,jP20y  +  2NaH0  =  2Na3P04  +  HgO . 
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In  like  manner  orthophosphoric  acid  heated  to  215°  is  almost 
entirely  converted  into pyrojDhosphoricacid:  iH^FO^-R^^  =  ^i^2^7i 
and  conversely,  when  pyrophosphoric  acid  is  boiled  with  water,  it 
is  transformed  into  orthophosphoric  acid. 

y.  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into 
metaphosphoric  acid  :  H4P2O7  —  HjO  =  2HPO3.  The  converse 
reaction  is  not  easily  effected,  inasmuch  as  metaphosphoric  acid  by 
absorbing  water  generally  passes  directly  to  the  state  of  orthophos- 
phoric acid.  Peligot,  however,  observed  the  formation  of  pyrophos- 
phoric from  metaphosphoric  acid  by  very  slow  absorption  of  water. 
— S.  When  a  metallic  metaphosphate  is  treated  with  a  proper  pro- 
portion of  a  hydroxide,  oxide,  or  carbonate,  it  is  converted  into  a 
pyrophosphate ;  thus : 

2NaP03    -t-    NagCOs    =    'i^a^'P20^    +    COg . 

Metaphosphate.        Carbonate.         Pyrophosphate.    Carton  dioxide. 

Fleitmann  and  Henneberg,  by  fusing  together  a  molecule  of  sorlium 
pyrophosphate,  Na3P04.NaP03,  with  two  molecules  of  metaphos- 
phate, NaPOg,  obtained  a  salt  having  the  composition,  Na3P04.3NaP03 
=  NagP40i3,  which  is  soluble  without  decomposition  in  a  small 
quantity  of  hot  water,  and  crystallises  from  its  solution  by  evapora- 
tion over  oU  of  vitriol.  An  excess  of  hot  water  decomposes  it,  but 
its  cold  aqueous  solution  is  moderately  permanent.  Insoluble  phos- 
phates of  similar  composition  may  he  obtaiued  from  the  sodium-salt 
by  double  decomposition.  Fleitmann  and  Henneben^  obtained 
another  crystaUisable  but  very  insoluble  salt,  having  the  composi- 
tion, Na3P04.9NaP03=NaigPj(,03j,  by  fusing  together  one  molecule 
of  sodium  pryophosphate  with  eight  molecules  of  the  metaphosphate; 
and  insoluble  phosphates  of  similar  constitution  'were  obtained  from 
it  by  double  decomposition. 

The  comparative  composition  of  these  different  phosphates  is  best 
shown  by  representing  them  as  compounds  of  phosphoric  oxide  with 
metallic  oxide,  and  assigning  to  them  all  the  quantity  of  base  con- 
tained in  the  most  complex  member  of  the  series  ;  thus — 

Orthophosphate,  6Na„0.2P205  =  4NasP04 

Pyrophosphate,       .       .       .       .       .  €Na"20.3P.,05  =  3Na4PjO, 
Fleitmann  and  Henneberg's  pliospliate  '(a),  6Na.,0.4P.i05  =  2Na(;PjOj3 

{5),'6Na;0.5P:05  =  Na,>,o03i 
Metaphosphate  '6Na20.6Pj05  =  12jS'aP03 . 

Metallic  Sulphides. — These  compounds  correspond,  for  tlie  most 
part,  in  composition  with  the  oxides :  thus  there  are  two  sulphides  of 
arsenic,  AS2S3  and  AsgSg,  corresponding  -ndtli  the  oxides,  A-s^Og  and 
AsgOg  ;  also  two  sulphides  of  mercury,  HgjS  and  HgS,  analogous  to 
the"  oxides,  Hg^O  and  HgO.  Occasionally,  however,  we  meet  with 
oxides  to  which  there  are  no  corresponding  sulphides  (manganese 
dioxide,  for  example),  and  more  frequently  sulphides  to  which  tliere 
are  no  corresponding  oxides,  the  most  remarkable  of  which  are 
perhaps  .the  alkaline  polysulphides.   Potassium,  for  example,  forms 
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the  series  of  sulphiiles,  KjS,  KjSj,  K2S3,  KjS^,  and  KgS^,  the  thii'd 
aud  tit'th  of  which  have  no  analogues  in  the  oxygen  series. 

There  ai-e  also  hydrosiilphides  analogous  to  the  hydroxides,  and 
containing  the  elements  of  ametallic  sulphide  and  hydrogen  sulphide, 
or  sulphvdric  acid:  e.g.,  potassium  hydi-osulpliide,  KoS.H9S  = 
2KHS  ;  lead  hydrosulphide,  PbS.H2S  =  PbH2S2.  Hydrosulphides 
and  sidphides  may  be  derived  from  sulphydric  acid  by  partial  or 
total  replacement  of  the  hydrogen  by  metals,  just  as  metallic 
hydi'oxides  and  oxides  are  derived  from  water. 

Many  metallic  sulphides  occur  as  natural  minerals,  especially  the 
sulphides  of  lead,  copper,  and  mercury,  wliich  afl'ord  valuable  ores 
for  the  extraction  of  the  metals,  and  ii'on  bisulphide  or  iron  pyrites, 
FeSj,  wliich  is  largely  used  as  a  source  of  8ulj3hur,  and  for  the 
preparation  of  ferrous  sulphate. 

Sulphides  aie  formed  artificially  by  heating  metals  with  sulphur  ; 
by  the  action  of  metals  on  gaseous  hydi'ogen  sulphide;  by  the 
reduction  of  sulphates  with  hydrogen  or  charcoal;  by  heating 
metallic  oxides  in  contact  with  gaseous  hydrogen  sulphide  or  vapoiu" 
of  carbon  bisulphide;  and  by  precipitation  of  metallic  solutions 
with  hydi'ogen  sulphide  or  a  sulphide  of  alkali-metal.  Some 
metals,  as  copper,  lead,  silver,  bismuth,  mercury,  and  cadmium,  are 
precipitated  6'om  their  acid  solutions  by  hydrogen  sulphide,  passed 
into  them  as  gas,  or  added  in  aqueous  sohition,  the  sulphides  of  these 
metals  being  insoluble  in  duute  acids  ;  others,  as  ii'on,  cobalt, 
nickel,  manganese,  zinc,  and  vu'aniimi,  form  sulphides  which  are 
soluble  in  acids,  and  these  are  precipitated  ty  hydrogen  sulphide 
only  from  alkaliue  solutions,  or  by  ammonium  or  potassium 
sulphide  from  neutral  solutions.  Many  of  these  sulphides  exhibit 
characteristic  colours,  which  serve  as  indications  of  the  presence  of 
the  respective  metals.in  solution  (jx  217). 

Metallic  sulphides  are  also  foimed  by  the  reduction  of  sulphates 
with  organic  substances;  many  native  sulphides  have  doubtless 
been  formed  in  this  way. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble 
those  of  the  metals  in  certain  particulars,  such  as  the  peculiar 
opaci  ty,  lu.stre,  and  density,  especially  when  they  are  in  a  crystalline 
condition.  They  are  generally  cry.stallisable,  brittle,  and  of  a  grey, 
pale  yellow,  or  dark  brown  colour.  The  sulphides  of  the  alkali- 
metals  are  soluble  in  water  ;  most  of  the  others  are  insoluble.  They 
are  more  frequently  fusible  than  the  corresponding  oxides,  and  some 
are  volatilisable,  as  mercury  sulphide  and  arsenic  sulphide. 

Many  sulphides,  when  heated  out  of  contact  with  atmospheric  air, 
do  not  undergo  any  decomposition ;  this  is  the  case  chiefly  with 
those  containing  the  smallest  proportions  of  sulphur,  such  as  the 
monosulphidea  of  iron  and  zinc.  Sulphides  containing  larger 
proportions  of  sulphur  are  partially  decomposed  T)y  heat,  losing  part 
of  their  sulphur,  and  being  converted  into  lower  sulphides  ;  as  in  the 
case  of  iron  bisulphide.  The  sulphides  of  gold  aud  platinum  are 
completely  reduced  by  heat. 
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By  I'he  simtiltaneous  action  of  lieat  and  of  snlDstancess  capable  of 
combining  with  sulpliiir,  some  sulphides  may  be  decomposed.  Thus, 
for  instance,  silver,  copper,  bismuth,  tin,  and  antimony  sulphides 
are  reduced  by  hydrogen  ;  copper,  lead,  mercury,  and  antimony 
sulphides  are  reduced  by  heating  with  ii'on. 

Sulphides  which  are  not  reduced  by  heat  alone,  are  always 
decomposed  when  heated  in  contact  with  oxygen,  or  atmospheric  air. 
Those  of  the  alkali-metals  and  earth-metals  are  converted  into 
sulphates  by  this  means.  Zinc,  iron,  manganese,  copper,  lead,  and 
bismuth  sulphides  are  converted  into  oxides,  and  sulphiu'ous  oxide 
is  produced  :  but  when  the  temperature  is  not  above  dull  redness, 
some  sulphate  is  formed  by  direct,  oxidation.  Mercury  and  silver 
sulphides  are  completely  reduced  ta  the  metallic  state.  Some  native 
sulphides  gradually  imdergo  alteration  by  mere  exposure  to  the  air  : 
hut  it  is  then,  generally  limited  to  the  production  of  sulphates, 
unless  the  oxidation  takes  place  so  rapidly  that  the  heat  generated 
is  sufficient  to  decompose  the  sulphate  first  produced.  In  the 
production  of  some  metals  for  use  in  the  arts,  the  separation  of 
sulphur  from  the  native  mtuerals  is  effected  chiefly  by  means  of 
this  action  in  the  operation  of  roasting. 

Metallic  sulphides  are  decomposed  iu  like  manner  when  heated 
with  metallic  oxides  in  suitable  proportions,  yielding  sulphm-ous 
oxide  and  the  metal  of  both  the  sulphide  and  oxide.  Lead  is 
reduced  from  the  native  stilphide  in  this  mamier. 

Many  metallic  sulphides  are  decomposed  by  acids  in  presence 
of  water,  siTlphnretted  hydrogen  being  evolved  wldle  the  metal 
enters  into  combination  with  the  chlorous  radicle  of  the  acid. 
Nitric  acid  when  concentrated  decomposes  most  sulphides,  -n-ith 
formation  of  metallic  oxide,  sulphuric  acid,  sulphm-,  and  a  lower 
oxide  of  nitrogen.  Niti'omuriatic  acid  acts  iu'  a  similar  manner,  but 
stiLL  more  energetically, 

Sulphur-Salts. — The  sulphides  of  the  more  basylous  metals  unite 
mth  those  of  the  more  chlorous  or  electro -negative  metals,  and  of 
the  non-metallic  elements,  forming  sulphur- salts,  analogous  in 
composition  to  the  oxygen-salts,  e.g. ; 


Selenides  and  Tellurides. — These  compounds ai-e  analogous 
in  composition,  and  in  mauj^  of  theii-  properties,  to  the  sulphides, 
and  unite  one  with  the  other,  forming  selenium-salts  and  tellurium- 
salts  analogous  to  the  oxygen  and  sulphur  salts. 

Metals  also  form  definite  compounds  with  nitrogen,  phosphorus, 
silicon,  boron,  and  carbon  :  but  these  compounds  are  compara- 
.tively  unimportant,  excepting  the  cai'boiiides  of  ii-on,  which  form  cast 
iron  and  steel. 


Carbonate,  K2CO3 
Sulphocarbonate,  KgGSg 

Arsenate,  SKgAsO^ 
Sulpharsenate,  2K3ASS4 


iCs.cs, 


3K,O.As,05 

3k;s.as;s5  • 
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CLASS  I.— MONAD  METALS. 
GROUP.  L— METALS  OF  THE  ALKALIS. 


POTASSIUM. 

Atomic  weight,  39 -L    Symbol,  K  (Kalium). 

Potassium  was  discovered  in  }807  by  Sir  H.  Davy,  who  obtained  it 
m  very  small  quantity  by  exposing  a  piece  of  moistened  potassium 
hydroxide  to  the  action  of  a  powerful  voltaic  battery,  the  alkali  being 
placed  between  a  pair  of  platinum  plates  connected  with  the 
apparatus.  Processes  have  since  been  devised  for  obtaining  this 
metal  m  almost  any  quantity  that  can  be  desired. 

An  Ultimate  mixtm-e  of  potassium  carbonate  and  charcoal  ife 
prepared  by  calcining,  in  a  covered  iron  pot,  the  crude  tartar  of 
commerce  ;  when  cold  it  is  rubbed  to  powder,  mixed  with  one 
tenth  part  of  charcoal  in  smaH  lumps,  and  quickly  transferred  to  a 
retort  ot  stout  hammered  iron  :  the  latter  may  be  one  of  the  iron 
bottles  m  which  mercury  is  imported.    The  retort  is  introduced  into 
a  hunace  a  (tig.  142),  and  placed  horizontally  on  supports  of  fire 
bnck,/,  /.  A  wrought  iron  tube  d,  four  inches  long,  serves  to  convey 
the  vapoiirs  of  potassium  into  a  receiver  e,  formed  of  two  pieces  of 
wrought  iron,  a,  b  (fig.  143),  which  are  fitted  closely  to  each  other  so 
a.s  to  lorm  a  shaUow  box  only  a  quarter  of  an  inch  deep,  and  are 
kept  together  by  clamp-screws.    The  iron  plate  should  be  one-sLxth 
ot  an  inch  thick,  twelve  inches  long,  and  five  inches  wide  The 
receiver  is  open  at  both  ends,  the  socket  fitting  upon  the  neck  of 
the  ii-on  bottle.    The  object  of  giving  the  receiver  this  flattened 
lorm  is  to  en.sure  the  rapid  cooling  of  the  potassium,  and  thus  to 
withdraw  It  from  the  action  of  the  carbon  monoxide,  which  is 
disengaged  during  the  entire  process,  and  has  a  strong  tendency  to 
mite  with  the  potassium,  forming  a  dangerously  explosive  compound. 
Before  connecting  the  receiver  with  the  tube  d,  the  fire  is  slowly 
raised  till  the  iron  bottle  attains  a  dull  red  heat.    Powdered  vitrefied 
borax  is  then  sprinkled  upon  it,  which  melts  and  forms  a  coating, 
I'?^'  \°.,Pf  .tect  the  iron  from  oxidation.    The  heat  is  then  to  be 
wi!      'I  ''^''^  intense,  care  being  taken  to  raise  it  as  equaUy  as 
possible  throughout  every  part  of  the  furnace.    When  a  full  reddish- 
witf  'I  attained,  vapours  of  potassium  begin  to  appear  and 
STw  1  The  receiver  is  then  adjusted  to  the  end 

^l.     I  u'  must  not  project  more  than  a  quarter  of  an  inch 

through  the  iron  plate  forming  the  front  wall  of  tile  furnace ;  other- 
wise the  tube  IS  liable  to  be  obstructed  by  the  accumulation  of  solid 
potassium,  or  ol  the  explosive  compound  above  mentioned.  Should 
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any  obttruction.  occur,  it  must  be  removed  by  thrusting  iii  an  iron 
bar,  and,  if  this  fail,  the  fire  must  be  immediately  withdi'awn  by 
removing  the  bars  from  the  fui-nace,  with  the  exception  of  two 
which  support  the  iron  bottle.  The  receiver  is  kept  cool  by  the 
application  of  a  wet  cloth  to  its  outside.  When  the  operation  is 
complete,  the  receiver  with  the  potassium  is  removed  and  imme- 
diately plunged  into,  a  vessel  of  rectified  petroleum  provided  with  a 
cover,  and  kept  cool  by  immersion  iu  water.  When  the  apparatus 
is  sufficiently  cooled,  the  potassium  is  detached  and  preserved  under 
petroleum. 


lEig.  142.  fig.  143. 


If  the  potassium  be  wanted  absolutely  pure,  it  must  be  afterwards 
re-distilled  in  an  iron  retort,  into  which  some  naphtha  has  been  put, 
that  its  vapour  may  expel  the  air,  and  prevent  oxidation  of  the 
metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  lustre  ; 
at  the  common  temperature  of  the  air  it  is  soft,  and  may  be  easily 
cut  with  a  knife,  but  at  0°  it  is  brittle  and  crystalline  It  melts 
completely  at  62'5°,  and  distils  at  a  low  red  heat.  It  floats  on  water, 
its  specific  gravity  being  only  0'865. 

Exposed  to  the  aii-,  potassium  oxidises  instantly,  a  tarnish  covering 
the  surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic 
potash.  Thrown  upon  water,  it  takes  fii-e  spontaneously,  and  burns 
with  a  beautiful  pm-ple  flame,  yielding  an  alkaline  solution.  "^Hien 
it  is  brought  into  contact  with  a  little  water  in  a  jai-  standing  over 
mercury,  the  liquid  is  decomposed  with  great  energy,  and  hydi'ogen 
liberated.  Potassium  is  always  preserved  under  the  sui'face  of 
petroleum. 

Potassium  Chloride,  KCl. — This  salt  is  obtained  in  large  quantity 
in  the  manufacture  of  the  chlorate ;  it  is  easily  purified  from  any 
portions  of  the  latter  by  exposure  to  a  dull  red-heat.  Within  the 
last  few  years  large  quantities  of  this  salt  have  beeri  obtained  from 
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sea- water,  by  a  peculiar  process  suggested  by  M.  Balard*  It  is  also 
contaiued  in  kelp,  and  is  separated  for  the  use  of  the  alum-maker. 
Considerable  quantities  of  it  are  now  obtained  fi'om  the  salt-beds  of 
Stassfurt,  near  Magdeburg,  in  Prussia. 

Potassiuni  chloride  closely  resembles  common  salt  in  appearauce 
assuming,  like  that  substance,  the  cubic  form  of  crystallisation' 
The  crystals  dissolve  in  three  parts  of  cold,  and  in  a  much  smaller 
quantity  of  boiling  water:  they  are  anhydrous,  have  a  simple 
saline  taste,  with  slight  bitterness,  and  fuse  when  exposed  to  a  red 
heat.  Potassium  chloride  is  volatilised  by  a  veiy  hio-h  tempera- 
ture. •  ° 

Potassium  Iodide,  KI.— There  are  three  different  methods  of 
preparing  this  important  medicinal  compound. 

(1.)  When  iodine  is  added  to  a  strong  solution  of  caustic  potash  free 
from  carbonate,  it  is  dissolved  in  large  quantity,  forming  a  colourless 
solution  containing  potassium  iodide  and  iodate  ;  the  reaction  is  the 
same  as  m  the  analogous  case  with  clilorine.  When  the  solution 
begms  to  be  permanently  coloured  by  the  iodine,  it  is  evaporated  to 
dryness,  and  cautiously  heated  to  redness,  by  which  the  iodate  is 
entirely  converted  into  iodide.  The  mass  is  then  dissolved  in  water 
and,  alter  filtration,  made  to  crystallise.  ' 

(2. )  Iodine,  water,  and  iron-filings-  or  scraps  of  zinc,  are  placed  in 
a  warm  situation  until  the  combination  is  complete,  and  the  solution 
colourless.  The  resulting  iodide  of  iron  or  zinc  is  then  filtered,  and 
exactly  decomposed  with  solution  of  pure  potassium  carbonate 
great  care  being  taken  to  avoid  excess  of  the  latter.  Potassium 
iodide  and  ferrous  carbonate,  or  zinc  carbonate,  are  thus  obtained  • 
the  former  is  separated  by  filtration,  and  evaporated  until  the  solu- 
tion IS  sufficiently  concentrated  to  crystallise  on  cooling,  the  wash- 
ings of  the  filter  being  added  to  avoid"  loss  : 

Feig  +  K2CO3  =  SKI  +  FeCOg. 

(3.)  A  very  simple  method  for  the  preparation  of  potassium  iodide 
was  proposed  by  Liebig.  One  part  of  amorphous  phosphorus  is  added 
to  40  parts  of  warm  water  ;  20  parts  of  dry  iodine  are  then  graduallv 
adc  er  and  intimately  mixed  with  the  phophorus  by  trituration.  The 
dark-brown  hquid  thus  obtained  is  now  heated  on  the  water-bath 
until  It  becomes  coloiu-less  ;  it  is  then  poured  ofl'  from  the  imdissolved 
phosphorus,  and  neutralised,  first  with  barium  carbonate  and  then 
With  baryta-water,  until  it  l,ecomes  slightly  all^aline  ;  and  the  in- 
soluble  barium  phosphate  is  filtered  oft'  and  washed.  The  filtrate 
now  contam.s  nothing  but  barium  iodide,  which,  when  treated  with 
pota.ssium  sulphate,  yields  insoluble  barium  sulpliate  and  potassium 
locUde  m  solution.    Lime  answers  nearly  as  well  as  baryta. 

i-otassium  iodide  crystallises  in  cubes,  which  are  often,  from  some 
unexplained  cause,  milk-white  and  opaque  :  they  are  anhydrous, 
and  tuse  readily  when  heated.    The  salt  is  very  soluble  in  water^ 

*  Reports.by  the  Juries  of  the  International  Exhibition  of  1862,  Class  II. 
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but  when  pure,  does  not  deliquesce  in  a  moderatelj  dry  atmosphere : 
it  is  dissolved  by  alcohol. 

Solution  of  potassium  iodide,  like  those  of  all  the  soluble  iodides, 
dissolves  a  large  quantity  of  free  iodine,  forming  a  deep-brown  liqui<l^ 
not  decomposed  by  water. 


Potassium  Bromide,  KBr. — This  conipovmd  may  be  obtained  by 
rocesses  exactly  similar  to  those  just  described,  substituting  bromine 
'or  the  iodine.    It  is  a  colourless  and  very  soluble  salt,  quite  undis- 
tinguishable  in  appearance  and  general  characters  from  the  iodide. 


Potassium  Oxides. — Potassium  combines  with  oxygen  in  several 
pi'oportions,  forming  a  monoxide,  KgO,  a  dioxide,  K2O2,  a  tetroxide, 
K2O4,  and  thi'ee  oxides  intermediate  between  the  last  two,  besides 
a  hydroxide,  KHO,  corresponding  with  the  monoxide. 

Potassium  monoxide,  K^O,  also  called  anhydrous  potash,  or  potassa, 
is  formed  when  potassium  in  thin  slices  is  exposed  at  ordinary  temper- 
atures to  dry  air  free  fi-om  carbon  dioxide ;  also  when  the  hydroxide 
is  heated  with  an  equivalent  quantity  of  metallic  potassiimi : 

2KH0  +  Kg  =  2K2O  +  Hg. 

It  is  white,  very  deliquescent  and  caustic,  combines  energetically 
with  water,  forming  potassium  hydroxide,  and  becomes  incandescent 
when  moistened  with  it ;  melts  at  a  red  heat,  and  volatilises  at  very 
high  temperatures. 

The  dioxide,  KgOg,  or     |  ,  is  formed  at  a  certain  stage  in  the 
KO 

preparation  of  the  tetroxide,  but  has  not  been  obtained  quite  pure. 
By  carefully  regulating  the  heat  and  supply  of  air,  nearly  the  whole 
of  the  potassium  may  be  converted  into  a  white  oxide,  having  nearly 
the  composition  of  the  dioxide.  An  aqueous  solution  of  this  oxide 
is  formed  by  the  action  of  water  on  the  tetroxide. 

K— 0— 0 

The  tetroxide,  KoO.,  or  (  ,  is  produced  when  potassium 

K— 0— 0 

is  bm'nt  in  excess  of  dry  aii'  or  oxygen  gas.  It  is  a  chrome-yellow 
powder,  which  cakes  together  at  about  280°.  It  absorbs  moistui-e 
rapidly,  and  is  decomposed  by  water,  giving  off  oxygen,  and  forming 
a  solution  of  the  dioxide.  When  gently  heated  in  a  stream  of  cai-bon 
monoxide,  it  yields  potassium  carbonate  and  two  atoms  of  oxygen  : 

K20^  -F  CO  =  K2CO3  -I-  O2: 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three 
atoms  of  oxygen. — Harcourt,  Ghem.  Soc.  Jour.  1861,  p.  267. 

By  passing  diy  air  or  nitrogen  monoxide  over  potassium  heated 
to  a  temperature  below  100°,  and  stopping  the  action  at  certain 
stages,  the  oxides  KgO^,  KrO^,  K4O3  are  obtained,  intermediate 
between  K2O2  and  K2O4. — (Lupton,  ibid.  1876,  ii.  565.) 
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Potassium  Hydroxide,  KHO,  conimouly  called  caustic  iMtash,  or 
potassa,  is  a  very  important  substance,  and  one  of  great  practical 
utility.  It  is  always  prepared  by  decomposing  the  carbonate  with 
calcium  hydroxide  (slaked  Ume).  10  parts  of  potassium  carbonate  are 
dissolved  m  100  parts  of  water,  and  heated  to  ebullition  in  a  clean 
untinned  ii-on,  or,  still  better,  silver  vessel ;  8  parts  of  good  quicklime 
are  meanwhile  slaked  in  a  covered  basin,  and  the  resultino  calcium 
hydroxide  is  added,  little  byhttle,to  the  boiling  solution  of  carbonate 
with  fi'equent  stii-ring.  When  all  the  lime  has  been  introduced,  the 
mixture  is  sufiered  to  boU  for  a  few  minutes,  and  then  removed  from 
the  fire  and  covered  up.  In  the  course  of  a  very  short  time,  the 
solution  will  have  become  quite  clear,  and  fit  for  decantation,  the 
calcium  carbonate,  with  the  excess  of  hydrate,  settling  down  as  a 
heavy,  sandy  precipitate.  The  solution  should  not  effervesce  with 
acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  car- 
bonate be  dilute,  otherwise  the  decomposition  becomes  imperfect. 
The  proportion  of  Kme  recommended  is  much  greater  than  that 
reqiui'ed  by  theory,  but  it  is  always  proper  to  have  an  excess. 

The  solution  of  potassium  hydroxide  may  be  concentrated  by  quick 
evaporation  m  the  ii-on  or  silver  vessel  to  any  desired  extent ;  when 
heated  until  vapour  of  water  ceases  to  be  disengaged,  and  then 
sufiered  to  cool,  it  fiu-nishes  the  solid  hydroxide,  KHO  or  KoO.HoO 
Pm-e  potassium  hydroxide  is  also  easily  obtained  by  heating  to  red- 
ness for  half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure 
powdered  mtre  with  two  or  three  parts  of  finely  divided  copper  foU 
The  mass,  when  cold,  is  treated  with  water. 

Potassium  hydroxide  is  a  white  solid  substance,  very  deliquescent 
and  soluble  m  water  ;  alcohol  also  dissolves  it  freely,  which  is  the 
case  with  comparatively  few  potdssium  compounds:  the  solid  hy- 
droxide of  couimerce,  which  is  very  impure,  may  thus  be  purified, 
ine  solution  oi  this  substance  possesses,  in  the  very  highest  de<Tree 
the  properties  termed  alkaline  :  it  restores  the  blue  colour  to  litmus 
which  has  been  reddened  by  an  acid;  neutraUses  completely  the 
most  powerful  acids;  has  a  nauseous  and  peculiar  taste ;  and  dis- 
solves the  skm,  and  many  other  organic  matters,  when  the  latter  are 
subjected  to  its  action  It  is  frequently  used  by  surgeons  as  a 
cauteiy,  being  moulded  into  little  sticks  for  that  puiTDose 

Potossium  hydroxide,  both  in  the  soUd  state  and  in  solution, rapidly 
absorl^s  carbonic  acid  from  the  air  :  hence  it  must  be  kept  in  closely 
stopped  bottles.  When  imperfectly  prepared,  or  partiaUy  altered 
by  exposure  it  efi-ervesces  with  an  acid.  It  is  not  decomposed  by 
neat  but  volatilises  imdecomposed  at  a  very  high  teniperatiu-e. 

ine  lol  lowing  table  of  the  densities  and  value  in  anhyrbous 
potassium  oxide,  K  0,  of  difterent  solutions  of  potassium  hydroxide 
19  given  on  the  authority  of  Dalton  •— 
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Density. 

Percentage  of 

K20. 

Density 

Percentage  of 

1-68  . 

51-2 

1-33  . 

26-3 

1-60  . 

46-7 

1-28  . 

23-4 

1-52  . 

42-9 

1-23  . 

19-5 

1-47  . 

39-6 

1-19  . 

16-2 

1-44  . 

36-8 

1-15  . 

130 

1-42  . 

34-4 

1-11  . 

9o 

1-39  . 

32-4 

1-06  . 

4-7 

1-36  . 

29-4 

Potassium  Nitrate;  Nitre;  Saltpetre,  KhO^  =  isO^iOK).— 
This  imiDortant  compound  is  a  natural  product,  bemg  disengaged  by  a 
kind  of  efflorescence  from  tlie  surface  of  the  soil  in  certain  dry  and 
hot  countries.  It  may  also  he  produced  by  artificial  means,  namely, 
by  the  oxidation  of  ammonia  in  presence  of  a  powerful  base. 

In  France,  large  quantities  of  artificial  nitre  are  prepared  by 
mixing  animal  refuse  of  aU  kinds  with  old  mortar  or  slaked  lime 
and  earth,  and  placing  the  mixtiu-e  in  heaps,  protected  from  the  rain 
by  a  roof,  but  freely  exposed  to  the  air.  From  time  to  time  the 
heaps  are  watered  with  putrid  urine,  and  the  mass  is  tm-ned  over, 
to  expose  fresh  surfaces  to  the  air.  When  much  salt  has  been 
formed,  the  mixture  is  hxiviated,  and  the  solution,  which  contains 
calcium  nitrate,  is  mixed  with  potassiiun  carbonate ;  calciuni 
carbonate  is  formed,  and  the  nitric  acid  transferred  to  the  alkali. 
The  filtered  solution  is  then  made  to  crystallise,  and  the  crystals 
are  purified  by  re-solution  and  crystallisation,  the  liquid  being 
stirred  to  .prevent  the  formation  of  large  crystals. 

The  greater  part  of  the  nitre  used  in  this  country  com^s  from 
India  :  it  is  dissolved  in  water,  a  little  potassium  carbonate  is 
added  to  precipitate  lime,  and  then  the  salt  is  purified  as  above. 

Considerable  quantities  of  nitre  are  now  manufactured  by  decom- 
posing native  sodium  nitrate  (Chile  saltpetre),  with  carbonate  or 
chloride  of  potassium.  In  Belgium  the  potassium  carbonate  obtained 
from  the  ashes  of  the  beetroot  sugar  manufactories  is  largely  used 
for  this  pm-pose ;  the  potassium  nitrate  thus  prepared  is  very  pure, 
and  is  produced  at  a  low  price. 

Potassium  nitrate  crystallises  in  anhydrous  six-sided  prisms,  vdth 
dihedral  summits,  belonging  to  the  rhombic  or  trimetric  system :  it 
is  soluble  in  7  parts  of  water  at  15-5°,  and  in  its  own  weight  of  boiling 
water.  Its  taste  is  saline  and  cooling,  and  it  is  without  action  on 
vegetable  colours.  It  melts  at  a  temperature  below  redness,  and  is 
completely  decomposed  by  a  strong  heat. 

When  it  is  thro-svn  on  the  surface  of  many  metals  in  a  state  of 
fusion,  or  mixed  with  combustible  matter  and  heated,  rapid  oxidation 
ensues,  at  the  expense  of  the  oxygen  of  the  nitric  acid.  Examples 
of  such  mixtures  are  found  in  common  gunpowder,  and  in  netu-ly  all 
pyrotechnic  compositions,  which  burn  in  tliis  manner  independently 
of  the  oxygsn  of  the  au',  and  even  \mder  water.  Gunpowder  is 
made  by  very  intimately  mixing  together   potassium  nitrate, 
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charcoal,  and  sulphur,  in  proportions  which  approach  2  molecules  of 
nitre,  3  atoms  of  cai-bon,  and  1  atom  of  sulphur. 

These  quantities  give,  reckoned  to  100  parts,  and  compared  with 
the  proportions  used  in  the  manufacture  of  the  English  Government 
powder,  the  follo^ving  results  : — 

Theoi-y  Proportions 
ia  practice. 

Potassimn  nitrate,  .       .       74'8  75 

Charcoal,  ....  13-3  15 
Sulphm-,        ....       11-9  10 


100-0  100 

The  nitre  is  rendered  very  pure  by  the  means  already  mentioned, 
freed  from  water  by  fusion,  and  ground  to  fine  powder  ;  the  sulphur 
and  charcoal,  the  latter  being  made  from  light  wood,  as  dogwood  or 
alder,  are  also  finely  ground,  after  which  the  materials  are  weighed 
out,  moistened  with  water,  and  thoroughly  mixed  by  grinding  under 
an  edge-milL  The  mass  is  then  subjected  to  great  pressiire,  and  the 
mill -cake  thus  produced  broken  in  jDieces,  and  placed  in  sieves  made 
of  perforated  vellum,  moved  by  machinery,  each  containing,  in 
addition,  a  roimd  piece  of  heavy  wood.  The  grains  of  powder  broken 
off  by  attrition  fall  through  the  holes  in  the  skin,  and  are  easily 
separated  from  the  dust  by  sifting.  The  powder  is,  lastly,  dried  by 
exposure  to  steam-heat,  and  sometimes  glazed  or  polished  by  agita- 
tion in  a  kind  of  cask  mounted  on  an  axis. 

It  was  formerly  supposed  that  when  gunpowder  is  fired,  the  whole 
of  the  oxygen  of  the  potassium  nitrate  was  transferred  to  the  carbon, 
forming  carbon  dioxide,  the  sulphur  combining  with  the  potassium, 
and  the  nitrogen  being  set  free.  There  is  no  doubt  that  this  reaction 
does  take  place  to  a  considerable  extent,  and  that  the  large  volume 
of  gas  thus  produced,  and  still  further  expanded  by  the  very  high 
temperatirre,  sufficiently  accounts  for  the  explosive  eflects.  But 
recent  investigations  by  Bunsen,  Karolyi,  and  others,  have  showni 
that  the  actual  products  of  the  combustion  of  gimpowder  are  much 
more  complicated  than  this  theory  would  indicate,  a  very  large 
number  of  products  being  formed,  and  a  considerable  portion  of  the 
oxygen  being  transferred  to  the  potassiimi  sulphide,  converting  it 
into  sulphate,  which,  in  fact,  constitutes  the  chief  portion  of  the  solid 
residue  and  of  the  smoke  formed  by  the  explosion.* 

Potassium  Chlorate,  KC103  =  C102(OK).— The  theory  of  the 
production  of  chloric  acid  by  the  action  of  chlorine  gas  on  a  solution 
of  caustic  potash,  has  been  already  explained  (p.  195).  Chlorine  gas 
is  conducted  by  a  wide  tube  into  a  strong  and  warm  solution  of 
potassium  carbonate,  until  absoqjtion  of  the  gas  ceases  ;  and  the 
ii(iuid  is,  if  necessary,  evaporated,  and  then  left  to  cool,  in  order 

*  See  Watts's  Dictionary  of  Chemistix  vol.  ii.  p.  958. 
FOWNES. — VOL.  I.  Y 
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that  the  slightly  soluble  chlorate  may  crystallise  out.  The  mother- 
liquor  affords  a  second  crop  of  crystals,  hut  they  are  much  more 
contaminated  with  potassium  chloride.  It  may  he  puiified  by  one 
or  two  re-crystallisations. 

Potassium  chlorate  is  soluble  in  about  20  parts  of  cold  and  2  of 
boiling  water  :  the  crystals  are  anhydrous,  flat,  and  tabular  ;  in  taste 
it  somewhat  resembles  nitre.  When  heated  it  gives  ofl'  the  whole 
of  its  oxygen  as  gas  and  leaves  potassium  chloride.  By  arresting  the 
decomposition  when  the  evolubion  of  gas  begins  to  slacken,  and 
redissolviug  the  salt,  potassium  perchlorate  and  chloride  may  be 
obtained. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion 
often  occurring  by  friction  or  blows.  When  about  one  grain- weight 
of  chlorate  and  an  equal  quantity  of  sulphur  are  rubbed  in  a  mortar, 
the  mixture  explodes  with  a  loud  report :  hence  it  cannot  be  used 
in  the  preparation  of  gunpowder  instead  of  the  nitrate.  Potassium 
chlorate  is  now  a  large  article  of  commerce,  being  employed,  together 
with  phosphorus,  in  making  instantaneous-light  matches. 

Potassium  PercWorate,  KC104  =  C103(OK.)— This  salt  has  been 
abeady  noticed  under  the  head  of  perchloric  acid.  It  is  best  pre- 
pared by  projecting  powdered  potassium  chlorate  into  warm  nitric 
acid,  when  the  chloric  acid  is  resolved  into  perchloric  acid,  chlorine 
and  oxygen.  The  salt  is  separated  from  the  nitrate  by  crystallisation. 
Potassium  perchlorate  is  a  very  slightly  soluble  salt :  it  requires  55 
parts  of  cold  water,  but  is  more  freely  taken  up  at  a  boiling  heat. 
The  crystals  are  small,  and  have  the  figure  of  an  octohedron  with 
square  base.  It  is  decomposed  by  heat  in  the  same  maimer  as  the 
chlorate. 

Potassium  Carbonates. — Potassium  forms  two  well-defined  car- 
bonates, namely,  a  normal  or  neutral  carbonate,  K2CO3,  and  an  acid 
salt  containing  KHGO3. 

Normal  j)otassium  carbonate,  or  Dipotassic  carhonate,  K2C03= 
C0(0K)2  =  KgO.COg.— Potassium  salts  of  vegetable  acids  are  of 
constant  occurrence  in  plants,  in  the  economy  of  which  they  perfoi-m 
important,  but  not  yet  perfectly  understood  functions.  The  potas- 
sium is  derived  from  the  soil,  which,  when  cajjable  of  supporting 
vegetable  life,  always  contains  that  substance.  When  plants  are 
burned,  the  organic  acids  are  destroyed,  and  the  potassium  is  left  in 
the  sta1;e  of  carbonate. 

It  is  by  these  indirect  means  that  the  carbonate,  and  thence 
nearly  all  the  salts  of  potassium,  are  obtained.  The  great  natural 
depository  of  the  alkalis  is  the  felspar  of  granitic  and  other  unstrati- 
fied  rocks,  where  it  is  combined  with  silica,  and  in  an  insoluble 
state.  The  extraction  thence  is  attended  with  great  difliculties,  and 
many  attempts  at  manufacturing  it  on  a  large  scale  from  this  som-ce 
have  failed  ;  but  experiments  recently  made  by  Mr.  T.  0.  Ward 
appear  to  indicate  that  the  object  may  be  accomplished  by  fusing 
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?otassic  rocks  with  a  mixture  of  calcium  carbonate  and  fluoride, 
here  are,  however,  natural  processes  at  work,  by  which  the  potash 
is  constantly  being  eliminated  from  these  rocks.  Under  the  influence 
of  atmospheric  agencies,  these  rocks  disintegrate  into  soils,  and  as  the 
alkali  acquu-es  solubility,  it  is  gradually  taken  up  by  plants,  and 
accumulates  in  their  substance  in  a  condition  highly  favourable  to 
its  subsequent  applications. 

Potassium-salts  are  always  most  abundant  in  the  green  and  tender 
parts  of  plants,  as  may  be  expected,  since  from  these,  evaporation  of 
neaiiy  pure  water  takes  place  to  a  large  extent :  the  solid  timber  of 
forest  trees  contains  comparatively  little. 

In  preparing  the  salt  on  an  extensive  scale,  the  ashes  are  subjected 
to  a  process  called  ILxiviation  :  they  are  put  into  a  large  cask  or  tun, 
having,  near  the  bottom,  an  aperture  stopped  by  a  plug,  and  a 
quantity  of  water  is  added.  Alter  some  hours  the  liquid  is  cbawn 
oft',  and  more  water  added,  that  the  whole  of  the  soluble  matter 
may  be  removed.  The  weakest  solutions  are  poiu'ed  upon  fresh, 
quantities  of  ash,  in  place  of  water.  The  solutions  are  then  evapo- 
rated to  dryness,  and  the  residue  is  calcined,  to  remove  a  little  brown 
organic  matter  :  the  product  is  the  crude  potash  or  pearlash  of  com- 
merce, of  which  very_  large  quantities  are  obtained  fi-om  Eussiaand 
America.  The  salt  is  very  impiu'e  :  it  contains  potassimn  silicate, 
sulphate,  chloride,  &c. 

The  purified  potassium  carbonate  of  pharmacy  is  prepared  from 
the  crude  article  by  adding  an  equal  weight  of  cold  water,  agitating 
and  filtering  ;  most  of  the  foreign  salts  are,  from  their  inferior  degree 
of  solubiUty,  left  behind.  The  solution  is  then  boUed  down  to  a 
very  small  bulk,  and  left  to  cool,  when  the  carbonate  separates  in 
small  crystals  containing  2  molecules  of  water,  K2CO3.2H2O  ;  these 
are  drained  from  the  mother-liquor,  and  then  dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red  heat 
purified  cream  of  tartar  (acid  potassium  tartrate),  and  separating  the 
carbonate  by  solution  in  water  and  crystallisation,  or  evaporation  to 
dryness. 

Potassium  carbonate  is  extremely  deliquescent,  and  soluble  in  less 
than  its  own  weight  of  water :  the  solution  is  highly  alkaline  to 
test-paper.  It  is  insoluble  in  alcohol.  By  heat  the  water  of  crys- 
tallisation is  driven  off,  and  by  a  temperature  of  full  ignition  the 
salt  is  fused,  but  not  otherwise  changed.  This  substance  is  largely 
used  in  the  arte,  and  is  a  compound  of  great  importance. 

Acid  potassium  carbonate,  Hydrogen  and  potassium,  carbonate,  or 
Monopotassic  carbonate,  KHCO3  ;  oommonly  called  bicarbonate  of 
potash— "When  a  stream  of  carbonic  acid  gas  is  passed  through  a  cold 
solution  of  potassium  carbonate,  the  gas  is  rapidly  absorbed,  and  a 
white,  crystalline,  less  soluble  substance  separated,  which  is  the 
acid  salt.  It  is  collected,  pressed,  redissolved  in  warm  water,  and 
the  solution  is  left  to  crystallise. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal 
carbonate,  requiring  4  parts  of  cold  water  to  dissolve  it.  The 


340 


MONAD  METALS. 


solution  is  nearly  neutral  to  test-paper,  and  has  a  much  milder  taste 
than  the  normal  salt.  Wlien  boiled  it  gives  off  carbon  dioxide.  The 
crystals,  which  are  large  and  beautiful,  derive  their  form  from  a 
monoclinic  prism  :  they  are  decomposed  by  heat,  water  and  carbon 
dioxide  being  evolved,  and  normal  carbonate  left  behind  : 


Potassimn  Sulphates. — Potassium  forms  a  normal  or  neutral 
snlphate,  two  acid  sidphates,  and  an  anhydi-osulphate. 


S02(OK)2  =  KjO.SOg,  is  obtained  by  neutralising  the  acid  residue 
left  in  the  retort  when  nitric  acid  is  prepared,  with  crude  potassium 
carbonate.  The  solution  yields,  on  cooling,  hard  transparent  crystals 
of  the  neutral  sulphate,  which  may  be  re-dissolved  in  boiling  water, 
and  re-crystallised. 

Potassium  sulphate  is  soluble  in  about  10  parts  of  cold,  and  in  a 
much  smaller  quantity  of  boiUng  water  :  it  has  a  bitter  taste,  and  is 
neutral  to  test-paper.  The  crystals  are  combinations  of  rhombic 
pyramids  and  prisms,  much  resembling  those  of  quartz  in  figure  and 
appearance  :  they  are  anhydi-ous,  and  decrepitate  when  suddenly 
heated,  which  is  often  the  case  with  salts  containing  no  water  of 
crystallisation.    They  are  quite  insoluble  in  alcohol. 

Acid  potassium  sulphate,  Hydrogen  and  potassium  sulpihate,  or 
Monopotassic  sulphate,  KHSO^  =  S02(0K)(0H),  commonly  called 
hisulphate  of  potash. — To  obtain  this  salt  the  neutral  sulphate  in 
powder  is  mixed  with  half  its  weight  of  oil  of  vitriol,  and  the  whole 
evaporated  quite  to  dryness  in  a  platbimn  vessel  placed  mider  a 
chimney  :  the  fused  salt  is  dissolved  in  hot  water  and  left  to 
crystallise.  The  crystals  have  the  figure  of  flattened  rhombic 
prisms,  and  are  much  more  soluble  than  the  neuti-al  salt,  requiring 
only  twice  their  weight  of  water  at  15-5°,  and  less  than  half  that 
quantity  at  100°.  The  solution  has  a  sour  taste  and  strongly  acid 
reaction. 

Potassium  Disulphate,  or  Pyrosulphate,  K2S2O7,  derived  from 
Nordhausen  sulphuric  acid,  HjS.p^,  and  commonly  called  anhydrous 
hisulphate  of  potash,  is  obtained  by  dissolving  equal  weights  of  the 
nonnal  sulphate  and  oU  of  vitriol  in  a  small  quantity  of  waiin 
distilled  water,  and  leaving  the  solution  to  cool. 

The  pyro-sulphate  crystallises  out  in  long  delicate  needles,  wliich 
if  left  for  several  days  in  the  mother-liquor,  disappear,  and  give  place 
to  crystals  of  the  ordinary  acid  sulphate  above  described.  This  salt 
is  decomposed  by  a  large  quantity  of  water,  and  is  converted  by 
strong  fuming  sulphuric  acid  into  hydropotassic  pyrosulphate,  KHS2O-, 
which  crystallises  in  transparent  prisms.  The  neutral  pyi-osulphate 
in  fine  powder,  heated  with  an  alcoholic  solution  of  potassium 
hydrosulphide,  is  converted  mth  sidphate  and  thiosulphate,  with 
evolution  of  hydrogen  sulphide  : 


2KHCO3  =  K2CO3  +  H2O  -f-  CO2. 


K2S2O7  +  2KHS  =  K2SO4  +  K2S2O3  H-  H2S. 
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Potassium  Sulphides — Potassium  heated  in  sulphur  vapour 
burns  witli  great  brilliancy.  It  unites  with  sulphur  in  five  different 
propoi'tious,  forming  the  compounds  K^S,  K^S.,,  K.So,  KoS„  KoS, ; 
also  a  hycbosiUplude  or  sulphydrate,  KHS.       "  ^ 

Monomlphide,  KjS.— It  is  doubtful  whether  this  compound  has 
been  obtained  in  the  pm-e  state.  It  is  commonly  said  to  be  produced 
by  heating  potassium  sulphate  in  a  cm-rent  of  dry  hycbogen,  or  by 
igmting  the  same  salt  in  a  covered  vessel  with  finely  divided 
chiu'coal ;  but,  according  to  Bauer,  one  of  the  higher  sulphides  is 
always  formed  at  the  same  time,  together  with  oxide  of  potassium. 
The  product  has  a  reddish-yellow  colom-,  is  deliquescent,  and  acts 
as  a  caustic  on  the  skin.  When  potassium  sulphate  is  heated  in  a 
corered  crucible  with  excess  of  lamp-black,  a  mixtm-e  of  potassium 
sulphide  and  finely  divided  carbon  is  obtained,  which  takes  fire 
spontaneously  on  coming  in  contact  with  the  air.  The  monosulphide 
might  perhaps  be  obtained  pure  by  heating  1  molecule  of  potassium 
sidphycbate,  KHS,  with  1  atom  of  the  metal. 

When  sulphydric  acid  gas  is  passed  to  saturation  into  a  solution 
ot  caustic  potash,  a  solution  of  the  sulphydi-ate  is  obtained,  which  is 
colourless  at  first,  but  if  exposed  to  the  air,  quickly  absorbs  oxyo-en 
and  turns  yellow,  in  consequence  of  the  formation  of  bisulphide  : 

2KHS  -1-  0  =  K2S2  -I-  H2O. 

If  a  solution  of  potash  be  divided  into  two  parts,  one  haK 
saturated  with  hydi-ogen  sulphide,  and  then  mixed  with  the  other, 
a  solution  is  formed  which  may  contain  potassium  monosulphide  : 

KHS  +  KHO  =  K2S  +  H2O. 

But  it  is  also  possible  that  the  hydroxide  and  hydrosulphide  may  mix 
^^^thout  mutual  decomposition.  The  solution  when  mixed  with  one 
ot  the  stronger  acids,  gives  off  liydi-ogen  sulpiride  without  deposition 
ot  sulphur,  a  reaction  which  is  consistent  with  either  view  of  its  con- 
stitution. 

The  bisulphide,  KjS^,  is  formed,  as  abeady  observed,  on  exposiue 
a  solution  of  the  hydrosulphide  to  the  air  till  it  begins  to  show 
turbidity,  By  evaporation  in  a  vacuum,  it  is  obtained  as  an  orange- 
coloured,  easily  fusible  substance.  ° 

The  trimlphide,  K^Sg,  is  obtained  by  passing  the  vapour  of  carbon 
msiuplude  over  igmted  potassium  carbonate,  as  long  as  gas  continues 
to  escape  :  '         &  & 

2K2CO3  +  3CS2  =  2K2S3  +  4C0  +  CO2. 

Also,  together  with  potassium  sulphate,  forming  one  of  the 
niixtiires  called  hver  of  sulphur,  by  melting  552  parts  (4  molecules) 
ot  potassium  carbonate  with  320  parts  (10  atoms)  of  sulphui- :  ^ 

4K2CO3  +        =  K2SO4  +  3K2S3  +  4C0„. 
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The  tetrasulphide,  KjS^,  is  fonned  ■by^ucing  potassium  sulphate 
with  the  vapoui-  of  carbon  bisulphide. 

The  pejitasulphide,  1^285,  is  fonned  by  boiling  a  solution  of  any  of 
the  preceding  sulpMdes''with  excess  of  sulphiu'  till  it  is  saturated,  or 
by  fiising  either  of  them  in  the  diy  state  with  siilphm-.  The  excess 
ot  sulphur  then  sepai'ates  and  floats  above  the  dark  brown  penta- 
siilphide. 

Liver  of  sulphur,  or  hepar  sulpliuris,  is  a  name  given  to  a  brownish 
substance,  sometimes  used  in  medicine,  made  by  fusing  together 
different  proportions  of  potassium  carbonate  and  sulphur.  It  is  a 
variable  mixture  of  the  two  higher  sulphides  with  tliiosulphate  and 
sulphate  of  potassiimi. 

When  equal  parts  of  sulphur  and  dry  potassium  carbonate  are 
melted  together  at  a  temperatm-e  not  exceeding  250°,  the  decomposi- 
tion of  the  salt  is  quite  complete,  aud  all  the  carbon  dioxide  is 
expelled.  The  fused  mass  dissolves  in  water,  with  the  exception  of 
a  little  mechanically  mixed  sulphm-,  with  dark-brown  colour,  and 
the  solution  is  found  to  contain  nothing  besides  pentasulphide  and 
thiosulphate  of  potassium  : 

3K2O  -f        =  2K2S5  +  K2S2O3. 

When  the  mixt.ure  has  been  exposed  to  a  temperature  approaching 
that  of  ignition,  it  is  found,  on  the  contrary,  to  contain  potassium 
sulphate,  arising  fi-om  the  decomposition  of  the  thiosulphate  which 
then  occurs : 

4K2S2O3  =  +  3K2SO,. 

From  both  these  mixtures  the  potassium  pentasulphide  may  be  ex- 
tracted by  alcohol,  in  which  it  dissolves. 

When  the  carbonate  is  fused  mth  half  its  weight  of  sulphur  only, 
the  trisulphide  is  produced,  as  above  indicated,  instead  of  the  penta- 
sulphide. 

The  effects  described  happen  in  the  same  manner  when  potassium 
hydroxide  is  substitvited  for  the  cai-bonate  ;  also,  when  a  solution  of 
the  hydi'oxide  is  boiled  with  sulphiu",  a  mixture  of  sulphide  and 
thiosulphate  always  results. 


Potassium-salts  are  colourless  when  not  associated  ys'ith  a  coloured 
metallic  oxide  or  acid.  They  are  all  more  or  less  soluble  in  water, 
and  may  be  distuigmshed  by  the  foUo-ndng  chai-acters  : — 

(1.)  Solution  of  tartaric  acid,  added  in  excess  to  a  moderately 
strong  solution  of  a  potassium-salt,  gives,  after  some  time,  a  Avliite 
crystalline  precipitate  of  cream  of  tai'tai- ;  the  eflect  is  greatly  pro- 
moted by  strong  agitation. 

(•2.)  Solution  of  platinic  chloride,  with  a  little  hydi-ochloric  acid, 
if  necessary,  gives,  under  similar  cu-cumstances,  a  crystalline  yellow 
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jirecipitate,  wliich  is  a  double  salt  of  platinum  tetrachloride  and 
potassium  chloride.  Both  tliis  compound  and  cream  of  tartar  ai-e, 
however,  soluble  in  about  60  parts  of  cold  water.  An  addition  of 
alcohol  increases  the  delicacy  of  both  tests. 

(3.)  Perchloric  acid,  and  silicofluonc  acid,  give  rise  to  slightly 
soluble  white  precipitates  when  added  to  a  potassium-salt 

(4.)  Potassiimi  salts  usually  coloiu-  the  outer  blow-pipe  flame 
pm-ple  or  violet ;  this  reaction  is  clearly  perceptible  only  when  the 
potassium  salts  are  pure. 

(5.)  The  spectral  phenomena  exhibited  by  potassium  compomxds 
are  mentioned  at  page  77. 


SODIUM. 


Atomic  weight,  23.    Symbol,  Na  (Natrium). 

Sodium  is  a  very  abundant  element,  and  very  widely  diffused. 
It  occirrs  in  large  quantities  as  chloride,  in  rock-salt,  sea- water,  salt- 
springs,  and  many  other  mineral  waters  ;  more  rarely  as  carbonate, 
borate,  and  sulphate,  in  solution  or  in  the  solid  state,  and  as  silicate 
in  many  mi  nerals. 

Metallic  sodium  was  obtained  by  Davy  soon  after  the  discovery 
of  potassiimi,  and  by  similar  means.  Gay-Lussac  and  Thenard  after- 
wards prepared  it  by  decomposing  sodirmi  hydi'oxide  with  metallic 
ii'on  at  a  white  heat ;  and  Brimner  showed  that  it  may  be  prepared 
with  much  greater  facility  by  distilling  a  mixture  of  sodium  carbonate 
_  and  charcoal. 

The  preparation  of  sodiirm  by  this  last-mentioned  process  is  much 
easier  than  that  of  potassiimi,  not  being  complicated,  or  only  to  a 
slight  extent,  by  the  formation  of  secondary  products.  Within  the 
last  few  years  it  has  been  considerably  improved  by  Deville  and 
others,  and  carried  out  on  the  manufacturing  scale,  sodium  be  Lag 
now  employed  in  considerable  quantity  as  a  reducing  agent, 
especially  in  the  manufacture  of  aluminium  and  magnesium,  and  in 
the  silver  amalgamation  process. 

The  sodium  carbonate  used  for  the  preparation  is  prepared  by 
calcining  the  crystallised  neutral  carbonate.  It  must  be  thoroughly 
dried,  then  pounded,  and  mixed  with  a  slight  excess  of  pounded 
charcoal  or  coal.  An  inactive  substance,  viz.,  pounded  chalk,  is  also 
added  to  keep  the  mixture  in  a  pasty  condition  during  the  operation, 
and  prevent  the  fused  sodium  carbonate  from  sepai-ating  fi-om  the 
charcoal.  The  following  are  the  proportions  recommended  by 
Deville  : — 


For  Laboratory  Operations. 

Dry  sodium  carbonate,  717  parts 
Charcoal,       .       .  275 
Ghalk,  .       ,     108  !' 


For  Manufacturing  Operations. 
Dry  sodium  carbonate,  30  Idlogr. 
Coal,  .       .       13  ,, 

Chalk,        .       .         3  „ 
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These  materials  must  be  very  intimately  mixed  by  pounding  and 
sifting,  and  it  is  advantageous  to  calcine  the  mixtiu'e  before  intro- 
ducing it  into  the  distilling  apparatus,  provided  the  calcination  can 
be  effected  by  the  waste  heat  of  a  fimiace  ;  the  mixture  is  thereby 
rendered  more  compact,  so  that  a  much  larger  quantity  can  be  intro- 
duced into  a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury 
bottle  heated  exactly  in  the  manner  described  for  the  preparation  of 
potassium.  For  manufacturing  operations,  the  mixture  is  introduced 
into  iron  cylinders,  which  are  heated  in  a  reverberatory  furnace,  and 
so  arranged  that,  at  the  end  of  the  distillation,  the  exhausted  charge 
may  be  withdrawn  and  a  fi'esh  charge  introduced,  without  displacing 
the  cylinders  or  putting  out  the  fu-e.  The  receivers  used  in  either 
case  are  the  same  in  form  and  dimensions  as  those  emjiloyed  in  the 
preparation  of  potassium  (p.  317). 

When  the  process  goes  on  well,  the  sodium  collected  in  the 
receivers  is  nearly  piu-e  ;  it  may  be  completely  purified  by  melting 
it  under  a  thin  layer  of  petroleum.  This  liquid  is  decanted  as  soon 
as  the  sodium  becomes  perfectly  fluid,  and  the  metal  is  rim  into 
moulds  like  those  used  for  casting  lead  or  zinc. 

Sodium  is  a  silver-white  metal,  greatly  resembling  potassium  in 
every  respect.  Its  specific  gravity  is  0'972.  It  is  soft  at  common 
temperatures,  melts  at  97'6°,  and  oxidises  very  rapicUy  in  the  air. 
"When  placed  on  the  surface  of  cold  water,  it  decomposes  that  liquid 
with  great  violence,  but  seldom  takes  fire  unless  the  motions  of  the 
fragment  are  restrained,  and  its  rapid  cooling  is  diminished  by  adding 
gum  or  starch  to  the  water.  With  hot  water  it  takes  fire  at  once, 
burning  with  a  bright  yellow  flame,  and  producing  a  solution  of 
soda. 

Sodium  Chloride ;  Commoii  Salt,  NaCl. — This  very  important 
substance  is  found  in  many  parts  of  the  world  in  solid  beds  or 
irregular  strata  of  immense  thickness,  as  in  Cheshire,  Spain,  Galicia, 
and  many  other  localities.  An  inexliaustible  supply  exists  also  in 
the  waters  of  the  ocean,  and  large  quantities  are  obtained  from  saline 
springs. 

Kock-salt  is  almost  always  too  impure  for  use.  If  no  natural 
brine-spring  exists,  an  artificial  one  is  formed  by  sinking  a  shaft,  into 
the  rock-salt,  and,  if  necessary,  introducing  water.  This  when 
saturated  is  pumped  up,  and  evaporated  more  or  less  rapidly  in  large 
iron  pans.  As  the  salt  separates,  it  is  removed  from  the  bottom  of 
the  vessel  by  means  of  a  scoop,  pressed  while  still  moist  into  moulds, 
and  then  transferred  to  the  drying-stove.  When  lai'ge  crystals  are 
required,  as  for  the  coarse-grained  bay-salt  used  in  curing  pro\nsions, 
the  evaporation  is  slowly  conducted.  Common  salt  is  apt  to  be  con- 
taminated with  magnesium  chloride 

Sodium  chloride,  when  pure,  is  not  deliquescent  in  moderately 
dry  air.  It  crystallises  in  anhydi-ous  cubes,  which  are  often 
grouped  together  into  pyramids,  or  stej)s.    It  requii-es  about  2h  parts 
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of  Wcater  at  60°  F.  for  solution,  and  its  solubility  is  not  sensibly 
increased  by  heat ;  it  dissolves  to  some  extent  in  spirit  of  wine,  but 
is  neiu-ly  insoluble  in  absolute  alcohol.  It  melts  at  a  red  heat,'  and 
IS  volatile  at  a  still  higher  temperature.  The  economical  uses  of 
common  salt  ai-e  well  known. 

The  iodide  and  bromide  of  sodium  much  resemble  the  correspond- 
ing potassium-compounds  :  they  crystaUise  in  cubes,  which  are 
anhydrous,  and  very  soluble  in  water. 

Sodium  Oxides.— Sodium  forms  a  monoxide  and  a  dioxide  •  also 
a  hycboxide  corresponding  with  the  former.  ' 

Sodium  Monoxide,  or  Anhydrous  Soda,  Na^O,  is  produced,  together 
with  the  dioxide,  when  sodium  burns  in  the  air,  and  may  be 
obtained  piu-e  by  exposing  the  dioxide  to  a  very  high  temperature  ; 
or  by  heatmg  sodium  hydroxide  with  an  equivalent  quantity  of 
sodium :  2NaH0  +  Na,  =  2m,0  +  H^.  It  is  a  grey  mass,  which  melts 
at  a  red  heat,  and  volatiHses  with  diificiUty. 

Sodium  Hydroxide,  or  Caustic  Soda,  NaHO,  or  NagO.HaO  — Tliis 
substance  is  prepared  by  decomposing  a  somewhat  dilute  solution  of 
sodium  carbonate  with  calcium  hydroxide  :  the  description  of  the 
process  employed  in  the  case  of  potassium  hydroxide,  and  the  pre- 
cautions necessary,  apply  word  for  word  to  that  of  sodium  hydroide. 

The  solid  hydroxide  is  a  white  fusible  substance,  very  similar  in 
properties  to  potassium  hydroxide.    It  is  deliquescent,  but  dries  up 
again  after  a  time  m  consequence  of  the  absorption  of  carbonic  acicl 
ihe  solution  is  highly  alkaUne,  and  a  powerful  solvent  for  aaimal 
matter  :  it  is  used  in  large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly  deter- 
mined from  a  knowledge  of  its  density,  by  the  aid  of  the  foUowincr 
table  drawn  up  by  Dalton  : —  ° 

TABLE  OP  PERCENTAGE  OF  ANHYDROUS  SODA,  NagO,  IN  SOLUTIONS 
OF  DIFFERENT  DENSITY. 


Density. 

2-00 
1-85 
1-72 
1-6.3 
1-55 
1-50 
1-47 
1-44 


Percentage  of 

1  Density. 

anhydrous  soda. 

77-8 

1-40 

63-6 

1-36 

53-8 

1-32 

46-6 

1-29 

41-2 

1-23 

36-8 

1'18 

34-0 

1-12 

31-0 

1-06 

Percentage  of 
anhydrous  soda. 

29-0 
26-0 
23  0 
19-0 
16-0 
13-0 

9-0 

4-7 


Sodium  Dioxzde,  Na^O^.-SorHum,  when  heated  to  about  200°  in  a 
current  ot  dry  air  absorljs  oxygen,  and  is  converted  into  dioxide  • 
this  substance  is  white,  but  becomes  yellow  when  heated,  which  tint 
It  again  lose.s  on  cooling.  It  dissolves  in  water  without  decomposi- 
tion :  the  solution  may  be  evaporated  under  the  receiver  of  the  air-- 
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pump,  and,  when  sufficiently  concentrated,  deposits  crystalline  plates 
having  the  composition  Na202.8H20.  These  crystals  left  to  effloresce 
over  oil  of  vitriol  for  nine  days  lose  tliree-fourths  of  their  water, 
and  yield  another  hydi-ate  containing  NaaOgSHgO.  The  aqueous 
solution  of  sodium  dioxide  when  heated  on  the  water-bath,  is 
decomposed  into  oxygen  and  the  monoxide. 

Sodium  Nitrate,  NaNOg.— This  salt,  sometimes  called  Cubic 
Nitre,  or  Chile  Scdtpetre,  occurs  native,  and  in  enormous  quantity,  at 
Tarapaca  in  Northern  Peru,  where  it  forms  a  regular  bed,  of  great 
extent,  along  with  gypsum,  common  salt,  and  remains  of  recent 
shells.  The  pure  salt  commonly  crystalUses  in  rhombohedrons, 
resembling  those  of  calcareous  spar.  It  is  deliquescent,  and  very 
soluble  in  water.  Sodiiim  nitrate  is  employed  for  making  nitnc 
acid,  but  cannot  be  used  for  gunpowder,  as  the  mixture  burns  too 
slowly,  and  becomes  damp  in  the  air.  It  has  been  lately  used  with 
some  success  in  agriculture  as  a  superficial  manure  or  top-dressing  ; 
also  for  preparing  potassium  nitrate  (p.  336). 

Sodium  Carbonates.  — The  Neutral  or  Disodic  Carbonate, 
NajCOa-lOHaO,  was  once  exclusively  obtained  fi'om  the  ashes  of  sea- 
weeds, and  of  plants,  such  as  the  Salsola  soda,  which  grow  by  the 
sea-side,  or,  being  cultivated  in  suitable  localities  for  the  pm-pose, 
are  afterwards  subjected  to  incmeration.  The  barilla,  stiU  employed 
to  a  small  extent  in  soap-maldng,  is  thus  produced  in  several  places 
on  the  coast  of  Spain,  as  at  Alicante,  Carthagena,  &c.  That  made  m 
Brittany  is  called  varec. 

Sodium  carbonate  is  now  manufactured  on  a  stupendous  scale  from 
common  salt  by  a  series  of  processes  which  may  be  divided  into  two 
stages  : — 

(1.)  Manufacture  of  sodium  sulphate,  or  salt-cake,  fi-om  sodium 
chloride  (common  salt)  ;  this  is  called  the  salt-cake  process. 

(2.)  Manufacture  of  sodium  carbonate,  or  soda-ash;  called  the 
soda-ash  process.  .  . 

(1.)  Salt-cake  process.— This  process  consists  in  the  decomposition 
of  common  salt  by  sulphuric  acid,  and  is  effected  in  a  furnace  caUed 
the  Salt-cake  f  urnace,  of  which  fig.  144  represents  a  section.   It  con- 


Fig.  144. 


sists  of  a  large  covered  iron  pan,  placed  in  the  centre,  and  heated 
by  a  fire  imderneath  ;  and  two  roasters,  or  reverberatory  furnaces, 
placed  one  at  each  end,  and  on  the  hearths  of  wliich  the  salt  is  com- 
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plctely  decomposed  The  chm-ge  of  half  a  ton  of  salt  is  first  placed 
m  the  n-on  pau,  and  then  the  requisite  quantity  of  sulphiuic  acid  is 
aUo^yed  to  pass  m  upon  it.  Hydrochloric  acid  is  evolved,  and 
escapes  thi-ough  a  iiue  with  the  products  of  combustion,  into  towers 
or  scrubbers,  hlled  with  coke  and  bricks  moistened  with  a  stream  of 
water ;  the  acid  vapom-s  ai-e  thus  condensed,  and  the  smoke  and 
heated  au'  pass  up  the  chunney.  After  the  mixture  of  salt  and  acid 
has  been  heated  m  the  iron  pan,  it  becomes  converted  into  a  solid 
mass  01  acid  sodium  sulphate  and  undecomposed  sodium  chloride:— 

2NaCl  +  HgSO,  =  NaCl  +  NaliSO,  +  HCl. 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of 
the  decomposmg  pan,  where  the  flame  and  heated  aii-  of  the  fire  com- 
?hloric  acid  — neutral  sodium  sulphate  and  hycbo- 

NaCl  +  NaHSO,  =  Na^SO,  +  HCl. 
(2)  Soda-ash  process.— The  sulphate  is  next  reduced  to  powder 

m^^i^      ^      .T''^  "^"f  ^*  °^  '^""^^  °^  limestone,  and  haK  a 
much  small  coal,  both  ground  or  crushed.    The  mLxtnre  is  thi-o^N-n 

iH^il''w?''1f^/'"''^'''.^^*^^  t°  f^'^i"^'  ^th  constant 

stoTmg._  When  the  decomposition  is  judged  complete,  the  melted 
matter  IS  raked  from  the  fm-nace  into  an'iron  trough  wbere  it  is 

broken  ,  nTf  vT^''  ^'T^'''''  ''^^''^  ^^^^-^oda,  is 

broken  up  mto  little  pieces,  when  cold,  and  lixiviated  with  cold  or 
tepid  water.  The  solution  is  evaporated  to  cbvness  and  the  salt 
calcined  >vith  a  little  sawdust  in  a  stable  fm-nac^e  TWrodLt^^^^^ 
the  soda  ash  or  Bnhsh  alkali  of  commerce,  which,  when  of  good 
qiiahty,  contams  from  48  to  52  per  cent,  of  anhycbous  soda  Vto 

tra^e!  of  siS^h  te  0?^!,^^^?"^'/^'^  TT''''  ^^1*'  occasional 
rli^nl^^  o^.t^uosulphate,  and  also  cyanide  of  sodium.  By 

dissolving  soda-ash  in  hot  water,  filtering  the  solution,  and  theJ 
^are^fi^ltals!"'  is^cleposited  in  laiA-rs 

wiSfchalk  n'^a  "^^'i'^         P^^'"  calcination  of  the  sulphate 

with  chalk  and  coal-dust  seems  to  consist,  first,  in  the  conversion  of 
matt:?  3  ttt  ^^t-iz-^IPhide  by  the  aid  of  the  combSM 

rb^nc^ia^^^^^^^  ^^^--^^^^ 

Na^S  -f.  CaCOj  =  CaS  -t-  NagCOj . 

deSserTiSvp  the  manufacture  of  soda  have  been 

app  ar^o  i^^^^^^  ^"t"  execution,  but  the  only  one  which 

L  Sued  the  "  r^  """^^  prospect  of  commercial  success  is  that  whicli 
18  caUed  the   ammoma  soda-process."  *  This  method,  first  suggested 

*  Chemisches  Centralblatt,  1873,  p.  636 ;  1874,  pp.  274,  370,  502. 
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about  forty  years  ago,  has  been  tried  at  several  worts  in  England 
and  in  Germany.  It  consists  in  decomposuig  a  solution  of  common 
salts  with  ammonium  bicarbonate,  whereby  the  greater  part  of  the 
sodium  is  precipitated  as  bicarbonate,  while  the  ammonia  remains  in 
solution  as  ammonium  chloride.  This  latter  salt  is  heated  -with 
lime  to  liberate  ammonia,  which  is  then  reconverted  into  bicarbonate 
by  the  carbonic  acid  evols'ed  in  the  conversion  of  the  sodium 
bicarbonate  into  monocarbonate  by  heat  ;  and  the  ammonium 
bicarbonate  thus  reproduced  is  employed  to  decompose  fresh  portions 
of  sodium  chloride,  so  that  the  process  is  made  contiauous.  The  chief 
advantages  claimed  for  this  process  are  the  dii'ect  conversion  of  the 
sodium  chloride  into  carbonate,  which  is  precipitated  from  the  con- 
centrated liquors  uncontaminated  with  salts  of  other  metals  ;  the 
absolute  freedom  of  the  product  from  sulphur- compounds ;  and 
lastly,  simplicity  of  plant,  saving  of  fuel,  and  freedom  fi-om  noxious 
vapoiirs  and  troublesome  secondary  products. 

The  chief  obstacle  to  its  profitable  employment  appears  to  be  that, 
with  certain  proportions  of  the  materials,  and  under  certain  conditions 
of  temperature  and  concentration,  a  reverse  reaction  takes  place, 
whereby  the  sodium  bicarbonate  and  ammoniiim  chloride  are  recon- 
verted into  ammonium  carbonate  and  sodium  chloride. 

The  ordinary  crystals  of  sodium  carbonate  contain  ten  molecules 
of  water ;  but  by  particular  management  the  same  salt  may  be 
obtained  with  fifteen,  nine,  seven  molecules,  or  sometimes  with 
only  one.  The  common  form  of  the  crystals  is  derived  fi-om  an 
oblique  rhombic  prism  ;  they  effloresce  in  dry  air,  and  crumble  to 
a  white  powder.  Heated,  they  fuse  in  their  water  of  crystallisation ; 
when  the  latter  has  been  expelled,  and  the  diy  salt  esqjosed  to  a  full 
red  heat,  it  melts  without  undergoiag  change.  The  common  crystals 
dissolve  in  two  parts  of  cold,  and  in  less  than  then-  owa  weight  of 
boUing  water  :  the  solution  has  a  strong,  disagreeable,  alkaliue  taste, 
and  a  powerfully  alkaline  reaction. 

Hydrogen  and  Sodium  Carbonate,  Hydrosodic  Carbonate,  Monosodic 
Carbonate,  Acid  Sodium  Carbonate,  NaHCOg  or  Na.2C03.H2C03, 
commonly  called  Bicarbonate  of  soda. — This  salt  is  prepai-ed  by  pass- 
ing carbonic  acid  gas  into  a  cold  solution  of  the  neutral  carbonate,  or 
by  placing  the  crystals  in  an  atmosphere  of  the  gas,  which  is  rapidly 
absorbed,  while  the  crystals  lose  the  greater  part  of  theu-  water,  and 
pass  into  the  new  compound. 

Monosodic  carbonate,  prepared  by  either  process,  is  a  crystalline 
white  powder,  which  cannot  be  re-dissolved  in  warm  water  without 
partial  decomposition.  Itrequii-es  10  parts  of  water  at  15-5°  for 
solution  :  the  liquid  is  feebly  alkaline  to  test-paper,  and  has  a  much 
milder  taste  than  that  of  the  neutral  cai-bonate.  It  does  not  precipitate 
a  solution  of  magnesia.  By  exposure  to  heat,  the  salt  is  converted 
into  neutral  carbonate. 

Dihydro-tetrasodic  Carbonate,  Na4H2(C03)3.2H20.— This  salt, 
commonly  called  sesquicarbonate  of  soda,  may  be  regarded  as  a 
compound  of  the  neutral  and  acid  salts  (Na2C03.2NaHC03). 
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It  occiu-s  native  on  the  banks  of  the  soda  lal^es  of  Sokenna,  near 
Fezzan,  m  Africa,  where  it  is  caUed  tronai ;  also  as  urao  at  tl  p 
bottom  of  a  hxke  in  _M.u-acaibo,  South  AmeriS  i  produced 
ai'tificiaUy  though  with  some  difficulty,  by  mixing  the  nfonSS 
ami  cUosodic  coi-bonates  in  the  proportions  f.bove  indiclterme lt°t 
them  together,  drying,  and  exposing  the  cbied  mass  in  a  cellar  fo? 
some  weeks  ;  it  then  absorbs  water,  becomes  crystalline,  and  con- 
tains spaces  fiUed  with  the  tetrasodic  carbonate 
Sodium  and  Potassium  Carbonate,  NaKCOg.GHoO,  separates  in 

a  mixtm-e  is  very  usefid  in  the  fusion  of  silicates,  &c.  ' 

Alkalvmeti-y.-Analysis  of  Alkaline  Hydroxides  and  Carbonates. 

The  amount  of  alkali  or  alkaline  carbonate  in  commercial  potash 
soda,  or  ammoma,  is  estimated  by  determining  the  quantity^of  an 
acid  of  given  strength  _  required  to  neutralise  a"given\eS  of  the 
aSf  estirnation  depends  upon  the  facts  that  the  alkalSe 

and  that  the  violet  solution  of  litmus  is  coloured  blue  by  caushV 

The  first  Step  is  the  preparation  of  the  standard  acid.  It  is  best  to 
SS'cIh  '^''''^  'T^'^       1000  cubic  centimeter  (1  Htre) 

S^msTofTe^cir  *  1  -lecule  e^resS 

About  70  grams  of  concentrated  sulphuric  acid  are  rli-lnwi  ^-+1, 
about  600  grams  of  water;  when  the  Jxt^  ^0^1  the  fol  mT^^^^ 
It  necessary  to  saturate  5-3  grams  (one  J  decigram-moleciill)  ofTure 
anhydrous  sodium  carbonate,  nLgOZ  is  deteimined  *    Fn.  +1^^ 

rsi2rrl'f''''''r'''''  solium  tSrL  iTXi 

in  hot  water  the  solution  coloured  blue  with  a  few  drops  of  itaus 
and  the  acid  added  from  a  burette  or  alkaKmeter  (v  Ll\  Tu4 

been  rn^l      T""-'       '"stance,  37  cubic  centimeters  of  acid  have 

centimptpil  '  another  determination  is  made.  If  90  cubic 
soTu  ^Tve'^^o^^^^^^  ^'-^^rte  the  i  decigi.am  alkaiiiie 

the  rSt  coKLn  ™r  i  w  '"'^^^  ^^^"t'^^l  t«  100,  and 

of  tMs  acid  So"  .1  >  ""^1  ^  determination  ;  100  cubic  centimeters 
oi  tms  acid  should  exactly  saturate  5-3  grams  of  sodium  carbonate, 

•The  molecule  of  sodium  carbonate,  Na.CO,,  weighs  2.  23  +  12+3 . 16=l06. 
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and  will  contain  1  half-decigram-molecule  of  acid  ;  2  cubic  centuneteri? 
will  therefore  contain  1  milligram-molecule  (0-098  gram)  *  and  will 
satiu'ate  2  milligram-molecules  of  an  alkali  (KHO  or  NaHO),  or  1 
milligram-molecule  of  an  alkaline  carbonate  (K2GO3  or  Na^COa). 

To  estimate  the  proportion  of  alkali  in  a  commercial  sample,  a 
weighed  portion  of  the  substance  is  dissolved  in  water  (if  a  solid)  ; 
a  few  di-ops  of  litmiis  are  added  ;  the  standard  acid  is  added  from  a 
biu-ette,  until  the  first  permanent  appearance  of  a  light  red  colour  ; 
and  the  volmne  of  acid  employed  is  read  off.  Each  cubic  centimeter 
of  acid  corresponds  to  1  milligram-molecule  of  alkali,  or  1  half 
milligram-molecule  of  alkaline  carbonate;  i.e.,  to  0.053  gram  of  sodium 
carbonate,  NaaCOj,  0-069  gram  potassium  carbonate,  KjCOg,  0-040 
gram  of  caustic  soda,  NaHO,  0-056  gram  of  caustic  potash,  KHO,  and 
0-017  gram  of  ammonia,  NH3 ;  and  a  simple  proportion  gives  the 
amount  of  alkali  or  alkaline  carbonate  present  {e.g.,  100 :  6-9  :  :  num- 
ber of  cubic  centimeters  employed :  potassium  carbonate  present). 
By  operating  on  100  times  the  ^  milligram-molecule  e.g.,  6-9  grams 
in  the  case  of  potassium  cai-bonate,  5-3  grams  in  the  case  of  sodium 
carbonate)  all  calulation  is  saved  :  for  as  this  amoimt,  if  present, 
would  require  100  cubic  centimeters  of  acid  for  its  saturation,  the 
number  of  cubic  centimeters  actually  required  at  once  indicates 
the  percentage  of  alkaline  carbonate.  The  burettes  commonly  used 
contain  50  cubic  centimeters,  and  are  graduated  into  half  cubic 
centimeters  ;  so  that  by  operating  on  50  times  the  ^  milligram- 
moleule,  the  number  of  divisions  employed  indicates  the  percentage. 

Sometunes,  instead  of  exactly  neutralising  the  alkali  with  the 
standard  acid,  it  is  better  to  add  the  acid  tiU  the  litmus  assiimes  a 
distinct  light  red  colour,  then  heat  the  solution  to  boiling,  and  add 
a  small  excess  (5  to  10  cubic  centimeters)  of  acid.  The  hot  solution 
is  freed  from  carbonic  acid  by  agitation  and  by  drawing  air  through 
it  with  a  glass  tube  ;  and  then  neutralised  with  a  standard  solution 
of  caustic  soda  (100  cubic  centimeters  of  wMch  exactly  saturate  100 
cubic  centimeters  of  the  standard  acid)  tUl  the  coloiu- just  changes 
from  red  to  blue.  Smce  the  acid  and  alkaline  solutions  neutralise 
each  other  volume  for  volume,  it  is  only  necessary  to  deduct  the 
number  of  cubic  centimeters  employed  of  the  latter  fi'om  that  of  the 
former,  and  calculate  the  amount  of  alkali  fi-om  the  residue.  This 
method,  called  the  indirect  or  residual  method,  is  preferable  to  the 
direct  method  previously  described  for  the  analysis  of  carbonates, 
since  the  change  from  blue  to  red  is  more  distinctly  nmi'ked  than 
that  fi'om  one  shade  of  red  to  another.  _ 

The  standai'd  solution  of  caustic  soda  must  be  kept  in  a  flask,  uito 
the  cork  of  which  is  inserted  a  calcium  cliloride  tube  filled  with  a 
mixtm-e  of  sodium  sulphate  and  quicklime,  which  effectually  prevents 
the  absorption  of  carbonic  acid.  If  the  bm-ette  be  closed  -with  a 
similar  tube,  the  soda-solution  may  remain  in  it  for  days. 

The  "  alkalimeter  "  or  "  bm-ette  "  is  a  glass  tube  (fig.  145)  closed  at 


*  The  molecular  weigM  of  sulphiu-ic  acid,  ^2^0^,  is  98  =  2  +  32  -1-  4. 
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one  end  and  moulded  into  a  spout  or  lip  at  tlie  other,  and  marked 
with  any  convenient  scale  of  equal  parts  generally,  as  above 
mentioned,  into  100  half  cubic  centimeters.*    A  strip  of 
paper  is  pasted  on  the  tube  and  suffered  to  dry,  after    Fig.  145. 
which  the  instniment  is  graduated  by  counterpoisino-  it 
in  a  nearly  upriglit  position  in  the  pan  of  a  balance  of 
moderate  delicacy,  and  weighing  into  it,  in  succession,  5 
10,  15,  20,  &c.,  gi-ams  of  distOled  water  at  4°  C.  until  the 
whole  quantity,  amounting  to  50  grams  (50  cubic  centi-  (1 
meters),_has  been  introduced,  the  level  of  the  water  in  the 
tube  being,  after  each  addition,  carefully  marked  with  a 
pen  iipon  the  strip  of  paper,  while  the  tube  is  held  quite 
upright,  and  the  mark  made  between  the  top  and  bottom 
of  the  cm-ve  formed  by  the  surface  of  the  water.  The 
smaller  divdsions  of  the  scale,  of  a  haK  cubic  centimeter 
each,  may  then  be  made  by  dividing  with  compasses  each 
of  the  spaces  into  ten  equal  parts. '  When  the  graduation 
is  complete,  and  the  operator  is  satisfied  with  its  accuracy 
the  marks  may  be  transferred  to  the  tube  itself  by  a  sharp 
file,  and  the  paper  removed  by  a  Uttle  warm  water.  The 
numbers  are  scratched  on  the  glass  with  the  hard  end  of 
the  same  file,  or  with  a  diamond.    Or  the  glass  is  covered 
with  etching  wax,  the  scale  traced  upon  it  with  a  fine 
needle  point,  and  the  marks  etched  by  exposing  the  tube 
to  the  vapour  of  hydrofluoric  acid. 
_  The  alkaUmeter,  represented  in  fig.  145,  is  the  simplest  form  of  this 
instriiment    The  pouring  out  of  minute  quantities  is,  however 
greatly  lacilitated  by  providing  the  measiu-e  with  a  narrow  cboppin^' 
tube,  fig.  146,  the  lower  extremity  of  which  is  soldered  into  the 
measure,  whilst  the  upper  one  is  bent  outward  and  shariDlv  cut  off 
ihis  kind  of  burette,  which  is  known  as  Gay-Lussac's,  is  chieflv 
usee  m  France.    The  liquid  may  be  very  conveniently  poui-ed  from 
it  ;  but  It  IS  rather  easily  broken,  so  that  its  manipulation  requires 
a  good  deal  of  care.    This  defect  is  gi-eatly  obviated  in  the  biA-ette 
tig.  147,  in  which  the  graduated  tube  is  provided  with  a  spout  at 

lkpiic7'  ^^'^  ^^^^         ^"  pom-ing  in  the 

A  very  elegant  instrument  has  been  contrived  by  Dr  Mohr  of 
Uoblentz.  It  is  a  graduated  tube,  drawn  out  at  one  end  to  a  point 
to  which  is  attached,  by  means  of  a  narrow  vulcanised  caoutchouc 
nibe,  a  short  glass  tube,  likewise  drawn  out  to  a  point  (fi.r  143^ 
Ihere  is  a  smaU  space  (about  ^  inch)  between  the  two  tubes,  upon 
^n^?  ''fi  1  .n""  ™et^.llic  clamp,  a,  represented  in  its  actual  dimen- 
aiouH  in  fig.  149  Tins  clamp  shuts  off  the  connection  between  the 
gKiduated  cyhnder  and  the  smaU  glass  tube.    But  by  pressing  with 

the%"nadtvtf^^^vn!n''^f\'"?u^'l°''  ^''^^"■measnres,  the  grain-measure  being 
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the  fingers  upon  the  ends  b  b,  of  this  damp,  it  opens,  and  aUows  the 
liquid  to  flow  out  of  the  lower  tube.    It  is  evident  that  by  this 


Fig.  146.  Fig.  147.  Fig.  148. 


Fig.  150. 


arrangement  the  amount  of  liquid  may  be  regulated  with  the 
sreatest  nicety.  ^      ,  i  ^  • 

It  is  often  desirable,  in  the  analysis  of  carbonates,  to  determine 
dii-ectly  the  proportion  of  carbonic  acid  :  the  following  methods  give 
rery  exact  results : —  .  . 

A  small  light  glass  flask  of  three  or  four  ounces  capacity,  with 
lipped  edge,  is  chosen,  and  a  cork  fitted  to  it.  A 
piece  of  tube  about  three  inches  long  is  di-awn 
out  at  one  exti'emity,  and  fitted,  by  means  of 
a  small  cort  and  a  bit  of  bent  tube,  to  the  cork 
of  the  flask.  This  tube  is  filled  with  fragments 
of  calcium  chloride,  prevented  from  escaping  by 
a  little  cotton  at  either  end:  the  joints  are  secured 
by  sealing  wax.  A  short  tube,  closed  at  one 
extremity,  and  small  enough  to  go  into  the  flask, 
is  also  provided,  and  the  apparatus  is  complete. 
Fifty  grains  of  the  carbonate  to  be  examined  are 
carefully  weighed  out  and  introduced  into  the  flask,  together  with  a 
little  water  ;  the  smaU  tube  is  then  fiUed  vdth  oil  of  vitiiol,  and 
placed  in  the  flask  in  a  nearly  upright  position,  and  leaning  against- 
its  sides  in  such  a  manner  that  the  acid  does  not  escape,  ihe  corJi 
and  calcium  chloride  tube  ai-e  then  adjusted,  and  the  whole  apparatus 
is  accurately  counterpoised  on  the  balance.   This  done,  the  flask  is  . 
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slightly  inclined,  so  that  the  oil  of  vitriol  may  slowly  mix  with  tlie 
other  substances  and  decompose  tlie  carbonate,  the  gas  from  which 
escapes  in  a  di-y  state  from  the  extremity  of  the  tube.  When  the 
action  has  entii-ely  ceased,  the  liquid  is  heated  until  it  boils,  and  the 
steam  begins  to  condense  in  the  chying  tube  ;  it  is  then  left  to  cool, 
and  weighed,  when  the  loss  indicates  the  quantity  of  carbon  dioxide 
The  acid  must  be  in  excess  after  the  experiment.  Wlieu  calcium 
carbonate  is  thus  analysed,  hydi-ochloric  acid  must  be  substituted  for 
the  sidjjhmic  acid. 

Instead  of  the  above  apparatus,  a  neat  arrangement  may  be  used, 
which  was  fii-st  suggested  by  Will  and 
Fresenins.  It  consists  of  two  small  glass 
flasks,  A  and  b,  the  latter  being  somewhat 
smaller  than  the  former.  Each  of  the 
flasks  is  provided  with  a  doubly  perforated 
cork.  A  tube,  open  at  both  ends,  but 
closed  at  the  upper  extremity  by  means 
of  a  small  quantity  of  wax,  passes  through 
the  cork  of  a  to  the  very  bottom  of  the 
flask,  whilst  a  second  tube,  reaching  to 
the  bottom  of  b,  establishes  a  communi- 
cation between  the  two  flasks.  The  cork 
of  B  is  provided,  moreover,  with  a  short 
tube,  d.  In  order  to  analyse  a  carbonate, 
a  suitable  quantity(fifty  grains)  is  put  in- 
to A,  together  \vith  some  water,  b  is  half  filled  with  concentrated 
sulphuric  acid,  the  apparatus  tightly  fitted  and  weighed.  A  small 
quantity  of  air  is  now  sucked  out  of  flask  b  by  means  of  the  tube  cl, 
whereby  the  air  in  A  is  likewise  rarefied.  On  allowing  the  air  to 
return,  a  quantity  of  the  sulphm-ic  acid  ascends  to  the  tube  c,  and 
flows  over  into  flask  a,  causing  a  disengagement  of  carbon  dioxide, 
wliich  escapes  at  d,  after  having  been  perfectly  dried  by  passing 
through  the  bottle  B.  This  operation  is  repeated  until  the  whole  of 
the  carbonate  is  decomposed,  and  the  process  is  terminated  l.iy 
opening  the  wax  stopper,  and  drawing  a  quantity  of  air  through  the 
apparatus.  The  apparatus  is  now  reweighed.  The  dift'erence  of  the 
two  weighings  expresses  the  quantity  of  carbon  dioxide  in  the  com- 
pound analysed. 

Sodium  Sulphate,  Na2SO4.10H2O,  commonly  called  Glauber's  salt, 
is  a  by-product  in  several  chemical  operations  and  an  intermediate 
product  in  the  manirfacture  of  the  carbonate  as  above  described ;  it 
may  of  course  be  prepared  directly,  if  wanted  pure,  by  adding  dilute 
sulphuric  acid,  to  saturation,  to  a  solution  of  sodium  carbonate.  It 
crystallises  in  fonns  derived  from  an  oblique  rhombic  ]irism  :  tlie 
crystals  contain  10  molecules  of  water,  are  efflorescent,  and  undergo 
watery  fusion  when  heated,  like  those  of  the  carbonate  :  tliey  are 
8olul)le  in  twice  their  weight  of  cold  water,  and  rapidly  increase  in 
solubility  as  the  temperatm-e  of  the  liquid  rises  to  33°,  at  which 
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point  a  maximum  is  readied,  100  parts  of  water  dissohang  117-9 
parts  of  the  salt,  corresponding  with  52  parts  anhydrous  sodium 
sulphate  (see  fig.  191,  p.  144).  When  the  salt  is  heated  beyond  this 
point,  the  solubility  diminishes,  and  a  portion  of  sulphate  is  de- 
posited. A  warm  satm-ated  solution,  evaporated  at  a  high  tem- 
perature, deposits  opaque  prismatic  crystals,  which  are  anhydrous. 
The  salt  has  a  slightly  bitter  taste,  and  is  pm-gative.  Mineral  springs 
sometimes  contain  it.  as  that  at  Cheltenham. 

Sodium  and  Hydrogen  Sv.lphate,  or  Add  Sodmm  Su^jhate. 
SNaHSO^.SHaO  or  Na,S04.H2S04.3H20,  commonly  called  UsuljjJmte 
of  soda,  is  prepared  by  adding  to  10  parts  of  the  anhydrous  neutral 
sulphate,  7  of  oil  of  vitriol,  evaporating  the  whole  to  dryness,  and 
gently  igniting.  The  acid  sulphate  is  very  soluble  in  water,  and  has 
an  acid  reaction.  It  is  not  deliquescent.  When  very  strongly 
heated,  the  fused  salt  "gives  up  anhydrous  sulphuric  acid,  and 
becomes  neutral  sulphate  ;  a  change  which  necessarily  supposes  the 
previous  formation  of  a  pyrosulj)hate,  Na,2S207  or  Na2S04.S03. 

Sodium  Hjrposulpliite,  NagSOg.— This  salt  is  produced  by  the 
deoxidising  action  of  zinc  on  the  sulphite,  NajSOg.  Its  preparation 
has  already  been  described  (p.  213).  It  crystallises  in  needles 
soluble  in  water  and  in  weak  spirit,  the  solution  exhibiting  strong 
bleaching  and  reducing  properties.  The  crystals,  when  exposed 
to  the  air  in  the  moist  state,  rapidly  become  hot  from  oxidation, 
a  property  by  which  this  salt  is  distinguished  from  the  thiosul- 
phate. 

Sodium  Thiosulpliate,  NajSjOg,  formerly  called  hyposulpMU. 
This  salt  is  formed  from  the  sulphite,  Na2S03,  by  addition  of  sulphirr. 
There  are  several  modes  of  procuring  it.  One  of  the  best  is  to  form 
neutral  sodium  sulphite,  by  passing  a  stream  of  well-washed  sul- 
phurous oxide  gas  into  a  strong  solution  of  sodium  cai-bonate,  and 
then  digesting  "the  solution  with  sulphur  at  a  gentle  heat  dm-ing 
several  days.  By  careful  evaporation  at  a  moderate  temperatitte, 
the  salt  is  obtained  in  large  regular  crystals,  which  are  very  soluble 
in  water.  It  is  used  in  considerable  quantities  for  photographic 
purposes,  and  as  an  autichlore. 

Sodium  Phosphates. — The  composition  and  chemical  relations  of 
these  salts  have  already  been  explained  in  speaking  of  the  basicity 
of  acids  (p.  322). 

Disodiohydric  Phosphate,  or  Disodic  Orthopihospihate ;  Common 
Trihasic  Phosphate,  Na2HP04.12H20.— This  salt  is  prepai-ed  by 
precipitating  the  acid  calcium  phosphate  obtained  in  decomposing 
bone-ash  with  sulphm'ic  acid,  -with  a  slight  excess  of  sodium 
carbonate,  and  evaporating  the  clear  liquid..  It  crystallises  in 
oblique  rhombic  prisms,  which  are  efflorescent.  The  crystals 
dissolve  in  4  parts  of  cold  water,  and  imdergo  aqueous  fusion 
when  heated.    The  salt  is  bitter  and  purgative;  its  solution  is 
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alkaliue_  to  test-paper.  Crystals  containing  7  molecules  of  water, 
antl  having  a  form  different  from  tliat  above  mentioned  have  been 
obtained.  ' 

A  trisodic  cn-thophosphate,  sometimes  called  suhpliosphate,  NajPO^ 
I2H0O,  is  obtained  by  adduig  a  solution  of  caustic  soda  to  the  pre- 
ceding salt.  The  crystals  are  slender  six-sided  prisms,  soluble  in 
five  parts  of  cold  water.  It  is  decomposed  by  acids,  even  carbonic 
but  suflers  no  change  by  heat,  except  the  loss  of  its  water  of  crystal- 
lisation. Its  solution  is  strongly  alkaline.  Monosodic  ortJwphosphate, 
NaHjPOj.HoO,  often  called  superphosphate  or  biphosphate,  may  be 
obtained  by  adding  phosphoric  acid  to  the  ordinary  phosphate,  until 
it  ceases  to  precipitate  barium  chloride,  and  exposing  the  concen- 
trated solution  to  cold.  The  crystals  are  pri.smatic,  very  soluble, 
and  have  an  acid  reaction.  When  .strongly  heated,  this  salt  be- 
comes changed  into  monobasic  sodium  phosphate,  or  metaphos- 
phate. 

Sodium,  Ammonium,  and  Hydrogen  Phosphate;  Phosphorus  Salt; 
Microcosmic  Salt,  Na(NH,)HP0,.4H,0.— Six  parts  of  common 
sodium  phosphate  are  heated  with  2  parts  of  water,  until  the  whole 
is  liquefied,  and  one  part  of  powdered  sal-ammoniac  is  added  ;  com- 
mon salt  then  separates,  and  may  be  removed -by  a  filter  ;  and  from 
the  solution,  didy  concentrated,  the  microcosmic  salt  is  deposited  in 
prismatic  crystals,  which  may  be  purified  by  one  or  two  re-crystal- 
lisations.  _  Microcosmic  salt  is  very  soluble.  Wien  gently  heated, 
it  parts  with  its  4  molecules  of  crystallisation- water,  and,  at  a  higher 
temperature,  the  basic  hydrogen  is  likewise  expelled  as  water,  together 
with  ammonia,  and  a  very  fusible  compoimd,  sodium  metaphosphate 
remains,  which  is  valuable  as  a  flux  in  blow-pipe  experiments.' 
Microcosmic  salt  occurs  in  decomposed  urine. 

T etrasodic  Phosphate,  or  Sodium  Pyrophosphate,  Na.PoO,  10H„0  is 
prepared  by  strongly  heating  common  disodic  orthophospha'te, 
dissolving  the  residue  in  water,  and  recrystallising.  The  crystals 
are  very  brilliant,  permanent  in  the  air,  and  less  'soluble  than  tlie 
original  phosphate  :  their  solution  is  alkaUne,  A  sodiohydric  pyro- 
phosphate has  been  obtained  ;  but  it  does  not  crystallise. 

Monosodic  Phosphate,  or  Sodium  Metaphosphate,  NaPo',  is  obtained 
by  heating  either  the  acid  tribasic  phosphate,  or  microcosmic  salt 
it  IS  a  transparent  glassy  substance,  fusible  at  a  duU  red  heat 
dehrjuescent,  and  very  soluble  in  water.    It  refuses  to  cry.stallise' 
but  dries  up  into  a  gum-like  mass.  '  ' 

If  this  glassy  phosphate  be  cooled  very  slowly,  it  separates  as  a 
beautiful  crystalhne  mass.  It  may  be  pmified  by  means  of  boiling 
water  from  the  vitreous  metaphosphate,  which  will  not  crystalHse. 
Another  metaphosphate  has  been  obtained  by  adding  socUum  sulphate 
to  an  excess  of  phosphoric  acid,  evaporating,  and  heating  to  upwards 
or  .iU)  i'ossibly  these  several  metapho.sphates  may  be  represented 
by  the  formul«,  NaPO,,  Na,P,0„,  an.i  m\v,0,. 

the  tribasic  phosphates,  or  orthophosphates,  give  a  bright  yeUow 
precipitate  with  solution  of  silver  nitrate ;  the  bibasic  and  monobasic 
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phospbates  afford  wMte  precipitates  with  the  same  substance.  The 
salts  of  the  two  latter  classes,  fiised  with  excess  of  sodium  carbonate, 
are  converted  into  orthophosphate. 

Eespecting  the  phosphates  intermediate  in  composition  between 
the  metaphosphate  and  pyrophosphate  of  sodium,  discovered  by 
Fleitmann  and  Henneberg,  see  page  328. 

Sodium  Borates.— The  neutral  borate  or  metahorate,  NaBOg  or 
NaoO.B.jOg,  is  formed  by  fusing  common  borax  and  sodium  carbonate 
in  etiuivalent  proportions,  and  dissolving  the  mass  in  water.  It 
forms  large  crystals  containing  NaBOg.SHaO.  Tntr  n 

The  Anhyclroborate,  Biborate,  or  Borax,  2NaBU2.B2U3.iUM2U  = 
NanO.SBoOo.lOHpO,  occurs  in  the  waters  of  certain  lakes  m  Thibet 
and  Persia  :  it  is  imported  in  a  crude  state  from  India  under  the 
name  of  tincal.  When  purified  it  constitutes  the  borax  of  commerce. 
Much  borax  is  now,  however,  manufactured  from  the  native  boric 
acid  of  Tuscany,  also  from  a  native  calcium  borate  called  hmjesine, 
which  occm-s  in  southern  Peru.  Borax  crystallises  in  six-sided 
prisms,  which  effloresce  in  dry  air,  and  require  20  parts  oi  cold,  and 
6  of  boiling  water  for  solution.  On  exposing  it  to  heat,  the  10 
molecules  of  water  of  crystallisation  are  expelled,  and  at  a  higher 
temperature  the  salt  fuses,  and  assumes  a  glassy  appearance  on 
cooling  :  in  tliis  state  it  is  much  used  for  blow-pipe  experiments,  the 
metallic  oxides  dissolving  in  it  to  transparent  beads,  many  oi  which 
are  distinguished  by  characteristic  colours,  By  particular  manage- 
ment, crystals  of  borax  can  be  obtained  with  5  molecules  of  water  : 
they  are  very  hard,  and  permanent  in  the  air.  Borax,  though  by 
constitution  an  acid  salt,  has  an  alkaline  reaction  to  test-paper.  It 
is  used  in  the  arts  for  soldering  metals,  its  action  consistmg  m 
rendering  the  surfaces  to  be  joined  metallic,  by  dissolving  the  oxides 
and  it  sometimes  enters  into  the  composition  of  the  glaze  witli 
which  stoneware  is  covered. 

Sodium  Sulphide,  NajS,  is  prepared  in  the  same  manner  as 
potassium  monosulphide ;  it  separates  from  a  concentrated  solution 
in  octohedral  crystals,  which  are  rapidly  decomposed  by  contact 
with  the  air  into  a  niixtiu-e  of  sodium  hydi-ate  and  thiosulphate.  It 
forms  double  sulphiu-  salts  with  hydi-ogen  sulphide,  carbon  bisulphide, 
and  other  sulphur  acids. 

Sodiiun  sulphide  is  supposed  to  enter  into  the  composition  ot  tlie 
beautiful  pigment  ultramarine,  which  is  prepared  from  the  lajns 
lazuli  and  is  now  imitated  by  artificial  means.  An  ultimate  imxtiu-e 
of  37  kaolin,  15  sodium  sulphate,  22  sodium  carbonate,  18  siUphur, 
and  8  charcoal,  is  heated  irom  twenty-four  to  thirty  houi-s  m  large 
crucibles  The  product  thus  obtained  is  again  heated  m  cast-ii-on 
boxes  at  a  moderate  teniperatm-e  till  the  required  tint  is  obtained. 
After  .beincr  finely  pulverised,  washed,  and  dried,  it  constitutes 
commerciaf  ultramarine.  The  composition  of  tliis  '  colour  vaiies, 
and  its  true  constitution  is  not  kno^^1l. 
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Tliere  is  no  good  precipitant  for  sodinm,  all  its  salts  being  very 
soluble,  with  the  e.xceptiou  of  the  metantimonate,  which  is  precipitated 
on  nii.ving  a  solution  of  a  sodium  salt  with  a  solution  oi  potassium 
metantimonate  ;  the  use  of  this  reagent  is,  however,  attended  with 
some  tUfliculties.  The  presence  of  sodium  is  often  determined  by 
negative  evidence.  The  yellow  colour  imparted  by  sodium  salts  to 
the  outer  flame  of  the  blow-pipe,  and  to  comlnistible  matter,  is  a 
character  of  considerable  importance.  The  spectral  phenomena 
exhibited  by  soLUimi  compounds  are  mentioned  on  page  77. 


AMMONIUM. 

The  ammonia  salts  are  most  conveniently  studied  in  this  place,  on 
accoimt  of  theii-  close  analogy  to  those  of  potassiimi  and  sodium. 
These  salts  ai'e  formed  by  the  dii-ect  union  of  ammonia,  NHg,  with 
acids,  and  as  already  pointed  out  (p.  lt;4),  they  may  be  regarded  as 
compounds  of  acid  radicles,  CT,  NO3,  SO4,  &c.,  with  a  basylous 
radicle,  NH^,  called  ammonium,  which  j^lays  in  these  salts  the 
same  part  as  potassium  and  sodiimi  in  theu-  respective  compounds  : 
thus  : — 

NH^.Cl 

Ammonium 
cJiIoride. 

NH,.N03 

Ammonium 
nitrate. 

Acid  ammonium 
sulphate. 

=  (NH,),.SO,. 

Neutral  ammonium 
sulphate. 

The  radicle  NH4  is  not  capable  of  existing  in  the  free  state, 
inasmuch  as  it  contains  an  imeven  number  of  monad  atoms  :  it  is 
simply  the  residue  which  is  lelt  on  removing  the  atom  of  chlorine 
from  the  saturated  molecule,  NH.Cl.    Whether  the  double  molecule 

NaHg,  °^        >  lias  a  separate  existence,  is  a  different  question. 

Ammonium  is  said,  indeed,  to  be  capable  of  forming  an  amalgam 
with  mercury  ;  but  even  in  tins  state  it  is  quickly  resolved  into 
ammonia  and  free  liych-ogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened 
potassium  liytlroxide,  and  connected  with  the  negative  side  of  a  voltaic 
battery  ol  very  moderate  power,  the  circuit  being  completed  through 


NH3 

+ 

HCl 

Ammonia. 

Hydrochloric 
acid. 

NH3 

+ 

HNO3 
Nitric 
acid. 

NH3 

+ 

H2SO4 

Sulphuric 
acid. 

2NH3 

+ 
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the  platinum  plate  upon  which  the  alkali  rests,  decomposition  ot 
the  latter  tnkes  place,  and  an  amalgam  of  potassium  is  rapidly 
formed.  If  this  experiment  be  now  repeated  with  a  piece  of  sal- 
ammoniac  instead  of  potassium  hydroxide,  a  soft,  solid,  metalline  mass 
is  also  produced,  which  has  been  called  the  ammoniacal  amalgam, 
and  considered  to  contain  ammonium  in  combination  with  mercmy. 
A  simj)ler  method  of  preparing  this  compound  is  the  following  : — 
A  little  mercury  is  put  into  a  test-tube  with  a  grain  or  two  of 
potassium  or  sodium,  and  gentle  heat  applied  ;  combination  ensues, 
attended  by  heat  and  light.  When  cold,  the  fluid  amalgam  is  put 
into  a  capsule,  and  covered  with  a  strong  solution  of  sal-ammoniac. 

.  The  production  of  an  ammoniacal  amalgam  instantly  commences, 
the  mercury  increasing  prodigiously  in  volume,  and  becoming  quite 
pasty.  The  increase  of  weight  is,  however,  quite  trifling  :  it  varies 
from^s^offto  ^^part.  Left  to  itself,  the  amalgam  quickly  decomposes 
into  fluid  mercury,  ammonia,  and  hydrogen.  It  is  most  probable, 
indeed,  that  the  so-called  amalgam  may  be  nothing  more  than 
mercmy  which  has  absorbed  a  certain  quantity  of  these  gases  ;  just 
as  silver,  when  heated  to  a  very  high  temperature,  is  capable  of 
taking  up  about  twenty  times  its  volume  of  oxygen  gas,  which  it 
gives  up  again  on  cooUng.* 

But  whether  ammonium  has  any  separate  existence  or  not,  it  is 
quite  certain  that  many  ammoniacal  salts  are  isomorphous  with 
those  of  potassium  ;  and  if  from  any  two  of  the  corresponding  salts, 
as  the  nitrates,  KNO3  and  NH4NO3,  we  subtract  the  radicle  NO3 
common  to  the  two,  there  remain  the  metal  K  and  the  group  NH^, 

,  which  are,  therefore,  supposed  to  be  isomorphous. 

Ammonium  Chloride,  Sal-ammoniac,  NH^Cl  or  NH3.HCI. — 

Sal-ammoniac  was  formerly  obtained  from  Egypt,  being  extracted  by 
sublimation  from  the  soot  of  camels'  dung  :  it  is  now  largely  manu- 
factured from  the  ammoniacal  liquid  of  the  gas  works,  and  from  the 
condensed  products  of  the  distillation  of  bones,  and  other  animal 
refuse,  in  the  preparation  of  animal  charcoal. 

These  impure  and  highly  offensive  solutions  are  treated  with  a 
slight  excess  of  hydrochloric  acid,  by  which  the  fi-ee  alkali  is 
neutralised,  and  the  carbonate  and  sulphide  are  .decomposed,  with 
evolution  of  carbonic  acid  and  sulphm-etted  hydi-ogen  gases.  The 
liquid  is  evaporated  to  dryness,  and  the  salt  carefuUy  heated,  to  expel 
or  decompose  the  tarry  matter  ;  it  is  then  pmified  by  sublimation  in 
laro-e  iron  vessels  lined  with  clay,  surmounted  with  domes  of  lead. 
Sublimed  sal-ammoniac  has  a  fibrous  texture  ;  and  is  tough  and 
difficult  to  powder. 

Sal-ammoniac  separates  firom  water  under  favourable  circum- 
stances in  distinct  cubes  or  octohedrons  ;  but  the  crystals  are  usually 
small  and  aggregated  together  in  rays.  It  has  a  sharp  saline  taste, 
and  is  soluble  in  2|  parts  of  cold,  and  in  a  much  smaller  quantity  of 

*  See  Watta's  Dictionary  of  Chemistry,  Supplement,  p.  71S. 
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hot  water.  By  heat,  it  is  subliiiied  without  decomposition.  The 
crystals  are  anhydrous.  Ammouium  chloride  forms  double  salts 
with  the  chlorides  of  magnesiimi,  nickel,  cobalt,  manganese,  zinc, 
and  copper. 

Ammonium  Nitrate,  (NH4)N03,  is  easily  prepared  by  adding 
ammonium  carbonate  to  slightly  diluted  nitric  acid  until  neutralisa- 
tion has  been  reached.  By  slow  evaporation  at  a  moderate  tempera- 
ture it  crystallises  in  six-sided  prisms,  like  those  of  potassium 
nitrate  ;  but,  as  usually  prepared  for  making  nitrogen  monoxide,  by 
quick  boiling  until  a  portion  solidifies  completely  on  cooling,  it 
forms  a  fibrous  and  indistinct  crystalline  mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  water,  pro- 
ducing considerable  depression  of  temperature;  it  is  but  feebly 
deliquescent,  and  deflagrates  like  nitre  on  contact  with  heated  com- 
bustible matter.  Its  decomposition  by  heat  has  been  already 
explained  (p.  159). 

Ammonium  Sulphate,  (NH4)2S04. — Prepared  by  neuti-alising 
ammonium  carbonate  with  sulphuric  acid,  or  on  a  large  scale,  for 
use  as  a  manure,  by  adding  sulphmic  acid  in  excess  to  the  coal- 
gas  liquor  just  mentioned,  and  pm-ifying  the  product  by  suitable 
means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystallises  in 
long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed  and 
driven  ofl:  by  ignition,  and,  even  to  a  certain  extent,  by  long  boil- 
ing with  water,  ammonia  being  expelled  and  the  liquid  rendered 
acid. 


Ammonium  Carbonates. — There  are  three  definite  carbonates 
of  ammonia,  the  composition  of  which  is  as  follows  : — 

Normal  or  diammonic  carbonate,  (NH4)2C03.H20 
Acid  or  ammonio-hydric  carbonate,  (NH4)HC03 

Half-acid,  or  tetrammonio-dihydric  )  /xttt  \  tt  /r\r\  \  tt  r> 

carbonate,  J  (NH4)4H2(C03)3.H20. 

(1.)  The  normal  carbonate  is  prepared  by  addition  of  ammonia  to 
one  of  the  acid  salts,  or  of  water  to  the  carbamate  of  ammonia, 
CONjHfi  (p.  362),  with  certain  special  precautions,  the  description 
of  which  is  too  long  for  insertion  in  tliis  work,  to  prevent  the 
escape  of  a  portion  of  the  ammonia.  It  crystallises  in  elongated 
plates  or  flattened  prisms,  having  a  caustic  taste,  a  powerful 
ammoniacal  odour,  and  easily  giving  ofl"  ammonia  and  water,  where- 
by they  are  converted  into  the  acid  carbonate  : 

(NH4)2C03.H20  =.  NH3  +  H2O  +  (NH4)HC03. 

(2.)  Ammonivm  and  Hydrogen  Carbonate,  or  Mono-ammonic 
Carbunale,   (NH4)HC03,  commonly  called  Bicarbonate,  or  Acid 
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carbonate  of  ammonia. — This  salt  is  obtained  by  saturating  an 
aqueous  solution  of  ammonia,  or  of  the  baK-acid  carbonate,  with 
carbonic  acid  gas  ;  or  by  treating  the  finely  pounded  half-acid 
carbonate  with  strong  alcohol,  which  dissolves  out  norraal  or 
diammonic  carbonate,  leaving  a  residue  of  the  mono-anunonic  salt. 
Cold  water  may  be  used  instead  of  alcohol  for  this  pm-pose  ; .  but  it 
dissolves  a  larger  quantity  of  the  mono-ammonic  carbonate.  All 
ammonium  carbonates  when  left  to  themselves  are  gradually  con- 
verted into  mono-ammonic  carbonate.  This  salt  forms  large  crystals 
belonging  to  the  trimetric  system.  According  to  Deville  it  is 
dimorphous,  but  never  isomorphous  with  monopotassic  carbonate  ; 
when  exposed  to  the  air,  it  volatilises  slowly,  and  gives  oif  a  fatut 
ammoidacal  odour.  It  dissolves  in  8  parts  of  cold  water,  the  solution 
decomposing  gradually  at  ordinary  temperatures,  quickly  when 
heated  above  30°,  with  evolution  of  ammonia.  It  is  insoluble  in 
alcohol,  but  when  exposed  to  the  air,  under  alcohol,  it  dissolves  as 
normal  carbonate,  evolving  carbon  choxide. 

It  has  been  found  native  in  considerable  quantity  in  the  deposits  of 
guano  on  the  western  coast  of  Patagonia,  in  white  crystalline  masses 
having  a  strong  ammoniacal  odour. 

(3.)  Tetrammonio-cUhydric  Carbonate,  N^H^gCgOg  =  (NH4)4H2(C03)3. 
— This  salt,  also  called  half-acid  carbonate  or  sesqui-carbonate  of 
ammonia,  contains  the  elements  of  1  molecule  of  dianimonic  and  2 
molecules  of  mono-ammonic  carbonate,  into  which  it  is,  in  fact, 
resolved  by  treatment  with  water  or  alcohol : 

(NH^4H,(C03)3  =  (NH,)2C03  +  2(NH,)HC03. 

It  is  obtained  by  dissolving  the  commercial  carbonate  in  strong 
aqueous  ammonia,  at  about  30°,  and  crystallising  the  solution.  It 
forms  large  transparent  rectangular  prisms,  having  their  summits 
trimcated  by  octohedral  faces.  These  crystals  decompose  very 
rapidly  in  the  air,  giving  off  water  and  ammonia,  and  being  con- 
verted into  mono-ammonic  carbonate. 

Commercial  carbonate  of  ammonia  (sal  volatile,  salt  of  hartshorn) 
consists  of  half  acid  carbonate  more  or  less  mixed_  with  carbamate. 
It  is  prepared  on  the  large  scale  by  the  dry  distillation  of  bones, 
hartshorn,  and  other  animal  matter,  and  is  purified  fi-orn  adhering 
empyreumatic  oil  by  subliming  it  once  or  twice  with  animal  chai'- 
coal  in  cast-iron  vessels,  over  which  glass  receivers  are  inverted. 
Another  method  consists  in  heating  to  recbiess  a  mixture  of  one  part 
ammonium  chloride  or  sulphate,  and  two  parts  calcium  carbonate 
(chalk),  or  potassium  carbonate,  in  a  retort  to  which  a  receiver  is 
luted. 

An  elaborate  description  of  the  carbonates  of  ammonia  has  been 
published  by  Dr.  Divers*  to  whom  is  due  the  discovery  of  the 
normal  ammonium  carbonate. 


*  Journal  of  the  Chemical  Society,  1870,  pp.  171-279. 
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Ammonium  Sulphides. — Several  of  these  compounds  exist,  and 
may  be  lormed  by  distilling  with  sal-ammoniac  the  corresponding 
sulphides  of  potassium  or  sodium. 

Ammonium  and  Hydrogen  Sulphide,  or  A  mmonium  Hydrosulphide, 
(NH)^HS,  is  a  compound  of  great  practical  utility  ;  it  is  obtained 
by  satui'ating  a  solution  of  ammonia  with  well- washed  suli^huretted 
hydrogen  gas,  until  no  more  of  the  latter  is  absorbed.  The  solution 
is  neai'ly  colourless  at  first,  hut  becomes  yellow  after  a  time,  with- 
out, however,  suflering  material  injury,  unless  it  has  been  exposed 
to  the  au'.  It  gives  precipitates  with  most  metallic  solutions,  which 
are  very  often  characteristic,  and  is  of  great  service  in  analytical 
chemistry. 


Ammoniacal  salts  are  easily  recognised  ;  they  are  all  decomposed 
or  volatilised  at  a  high  temperature  ;  and  when  heated  with  calcium 
hydroxide  or  solution  of  alkaline  carbonate,  they  give  oft'  ammonia, 
which  may  be  recognised  by  its  odour  and  alkaline  reaction.  The 
salts  are  all  more  or  less  soluble,  the  acid  tartrate  and  the  platino- 
chloride  being,  however,  among  the  least  soluble:  hence  ammonium 
salts  cannot  be  distinguished  from  potassium  salts  by  the  tests  of 
tartaric  acid  and  platinum  solution.  When  a  solution  containing 
an  ammoniacal  salt,  or  free  ammonia,  is  mixed  with  potash,  aud  a 
solution  of  mercuric  iodide  in  potassium  iodide  is  added,  a  brown.  ^ 
precipitate  or  coloration  is  immediately  produced,  consisting  of  "■■^ 
dimercurammonium  iodide,  NHggI  : 

NH3  -t-  2Hgl2  =  NHggl  +  SHI. 

This  is  called  Nessler's  test  ;  it  is  by  far  the  most  delicate  test  for 
ammonia  that  is  known. 

Amic  Acids  and  Amides. 

Sulphamic  Acid- — When  dry  ammonia  gas  is  passed  over  a  thin 
layer  of  sidphuric  oxide,  SO3,  the  gas  is  absorbed,  and  a  white 
crystalline  powder  is  formed,  having  the  composition  N2HgS03, 
that  is,  of  ammonium  sulphate  minus  one  molecule  of  water  :— 

N^HeSOj  =  (NH,)2S0,  -  H^O. 

It  is  not,  however,  a  salt  of  sulphuric  acid  :  for  its  aqueous  solution 
does  not  give  any  precipitate  with  baryta-water  or  soluble  barium 
salts.  It  is,  in  fact,  the  ammonium  salt  of  sulphamic  acid,  an  acid 
derived  from  sulphuric  acid,  SO^Hg  or  S02(HO)2,  by  substitution  of 
the  univalent  radicle,  NHg  (p.  263),  for  one  atom  of  hydroxy!,  HO. 
The  formula  of  this  acid  is  S03(NH2)H,  and  that  of  its  ammonium 
salt,  S03(NH2)NH4,  or  SOjNoHg.  Ammonium  sulphamate  is  per- 
manent in  the  air,  and  dissolves  without  decomposition  in  water. 
Its  solution  evaporated  in  a  vacuum,  over  oil  of  vitriol,  yields  the 
salt  in  transparent  colourless  crystals. 
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The.  solution  of  the  ammonium  salt,  mixed  with  baryta-water, 
gives  off  ammonia,  and  yields  a  solution  of  barium  sulpliamate 
(S03NH2)2Ba,  which  may  be  obtained  by  evaporation  in  well-detined 
crystals  f  and  the  solution  of  this  salt,  decomposed  with  potassium 
sulphate,  yields  potassium  sulphaTnate,  S03(NH2)K. 

Carbamic  Acid. — ^When  dry  ammonia  gas  is  mixed  with  carbon 
dioxide,  the  mixture  being  kept  cool,  the  gases  combine  in  the 
proportion  of  2  volumes  of  the  former  to  1  volume  of  the  latter, 
forming  a  pungent,  very  volatile  substance,  which  condenses  in  white 
flocks.  This  substance  has  the  composition  COgNaHg,  that  is,  of 
normal  ammonium  carbonate,  C03(NH4)2,  minus  one  molecule  of 
water.  It  exists,  as  already  observed,  in  commercial  carbonate  of 
ammonia  (p.  360).  It  was  formerly  called  anhydrous  carbonate  of 
ammonia;  but,  like  the  preceding  salt,  it  is  not  really  a  carbonate, 
but  the  ammonium  salt  of  carbamic  acid,  C02(NH)2H,  an  acid 
derived  from  carbonic  acid,  COgHg  or  C0(OH)2,  by  substitution  of 
amidogen,  NHj,  for  1  atom  of  hydroxy!  Ammonium  carbamate 
dissolves  readily  in  water,  and  quickly  takes  up  one  molecule  of  that 
compound,  where  by  it  is  converted  into  normal  ammonium  carbonate. 
When  treated  with  sulphuric  oxide,  it  is  converted  into  ammonium 
sulphamate. 

Carbamide,  CON2H4. — When  ammonia  gas  is  mixed  with  carbon 
oxychloride  or  phosgene  gas,  COClg,  a  white  crystalline  powder  is 
formed,  having  this  composition : — 

COCI2  ,+  2NH3  =  2HC1  +  C0N2H^. 

This  compound,  which  is  likewise  formed  in  other  reactions  to  be 
afterwards  considered,  is  derived  from  carbonic  acid,  C0(0H)2,  by 
substitution  of  2  atoms  of  amidogen  for  2  atoms  of  hydroxy!.  _  It 
differs  from  carbamic  acid  in  being  a  neutral  substance,  not  contaiidng 
any  hydrogen  easily  replaceable  by  metals. 

Other  bibasic  acids  likewise  yield  an  amic  acid  and  a  neutral 
amide  by  substitution  of  1  or  2  atoms  of  amidogen  for  hydroxyl. 
Tribasic  acids  yield  in  like  manner  two  amic  acids  and  one  neutral 
amide,  and  tetrabasic  acids  may  yield  three  amic  acids  and  a  neutral 
amide  ;  thus,  from  pyrophosphoric  acid,  P20jH4  =  P203(HO)4,  are 
obtained  the  three  amic  acids  P206(NH2)H3,  P205(NH2)2H2,  and 

P204(NH2)3H. 

Monobasic  acids,  which  contain  but  one  atom  of  hydroxyl,  jdeld 
by  this  mode  of  substitution  only  neutral  amides,  no  amic  acids  : 
thus,  from  acetic  acid,  C2H4O2  =  621130.  HO,  is  obtained  acetamide, 
C2H30(NH2). 

The  neutral  amides  may  also  be  regarded  as  derived  from  one  or 
more  molecules  of  ammonia,  by  substitution  of  univalent  or  mul- 
tivalent acid  radicles, for  hydrogen:  thus,  acetamide =NH2(C2H30); 
carbamide,  N2H4(CO)",  &c.  . 
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By  similar  sulDstitution  of  metals,  or  basylous  compound  radicle? 
for  the  hydrogen  of  ammonia,  basic  compounds,  called  amines,  are 
formed.  Thus,  when  potassium  is  gently  heated  in  ammonia  gas, 
monopotassamine,  NHgK,  is  formed.  It  is  an  olive-green  substance, 
which  is  decomposed  by  water  into  ammonia  and  potassium 
hydi'oxide  : — 

NH^K  +  H2O  =  NH3  +  KHO. 

It  melts  at  a  little  below  100,  and  when  heated  in  a  close  vessel, 
is  resolved  into  ammonia  and  tri'potassmiine : — 

3NH2K  =  2NH3  +  NK3. 

The  latter  effervesces  violently  with  water,  yielding  ammonia  and 
potassium  hydroxide : — 

NK3  +  3H2O      NF3  +  3KH0. 

The  formation  and  properties  of  amides  and  amines  wiU  be  further 
considered  under  Organic  Chemistry. 

Metallammoniums.— These  are  hypothetical  radicles  derived 
from  ammomum,  NjHg,  by  substitution  of  metals  for  hydrogen.  Salts 
of  such  radicles  are  formed  in  several  ways.  Ammonia  gas  is  absorbed 
by  various  metallic  salts  in  different  proportions,  forming  compounds, 
some  of  which  may  be  formulated  as  salts  of  metallammoniums.' 
Thus,  platinum  cUchloride,  PtClg,  absorbs  two  molecules  of  ammonia, 
forming  platosavimonium  chloride,  N2HgPt".Cl2,  and  platinum 
tetrachlonde,  PtivCl4,  absorbs  foui-  molecules  of  ammonia,  forminc 
2Minammonium  chloride,  N^R^^Pt'\C\.  In  like  manner,  cupric 
^^or'-^le  and  sulphate  form  the  chloride  and  sulphate  ofcuprcmmonium, 
N2HgCu".Cl2  and  N2H«Cu".S04.  r       j    r  , 

Similar  compounds  are  formed  in  many  cases  by  precipitatino- 
metallic  salts  with  ammonia  or  ammoniacal  salts  :  thus,  ammonia 
added  _  to  a  solution  of  mercimc  chloride,  HgCla,  forms  a  white 
precipitate,  consisting  of  dimercurammonium  chloride,  N2H4H 
and  by  droppmg  solution  of  mercuric  chloride  into  a  boiling  solution 
oi  sal-aramoniac  mixed  with  free  ammonia,  crystals  are  obtained, 
consisting  of  mercurammonium  chloride,  N2HgHg".Cl,.  Some  of 
these  compounds  will  be  further  considered  in  connection  with  the 
several  metals. 
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LITHIUM. 

Atomic  weight,  7.  Symbol,  Li. 

Lithium  is  found  in  petalite,  spodumene,  lepidolite,  triphylline, 
and  a  few  other  minerals,  and  sometimes  occurs  in  minute  quantities 
in  mineral  springs.  The  most  abundant  source  of  it  yet  disco  s^ered 
is  the  mineral  water  of  Wheal  Clifford  hi  Cornwall,  in  which  it 
exists  to  the  amount  of  61  parts  in  a  million. 

The  metal  is  obtained  by  fusing  pure  lithium  chloride  in  a  small 
thick  porcelain  crucible,  and  decomposing  the  fused  chloride  by 
electricity.  It  is  a  white  metal  like  sodium,  and  very  oxidisable. 
Lithium  fuses  at  180°  ;  its  specific  gravity  is  0'59  :  it  is,  therefore, 
the  lightest  solid  known. 

A  lithium  salt  may  be  obtained  from  petalite  on  the  small  scale, 
by  the  following  process  :  The  mineral  is  reduced  to  an  exceedingly 
fine  powder,  mixed  with  five  or  six  times  its  weight  of  pui'e  calcium 
carbonate,  and  the  mixture  is  heated  to  whiteness,  in  a  platinum 
crucible  placed  within  a  well-co  veered  earthen  one,  for  twenty 
minutes  or  half  an  hom\  The  shrunken  coherent  mass  is  digested  in 
dilute  hydrochloric  acid,  the  whole  evaporated  to  di-yness,  acidulated 
water  added,  and  the  silica  separated  by  a  filter.  The  solution  is 
then  mixed  with  ammonium  carbonate  in  excess,  boiled,  and  filtered  ; 
the  clear  liquid  is  evaporated  to  dryness,  and  gently  heated  iu  a 
platinum  crucible,  to  expel  the  sal-ammoniac  ;  and  the  residue  is 
wetted  with  oil  of  vitriol,  gently  evaporated  once  more  to  dryness, 
and  ignited  :  pure  fused  lithium  sulphate  then  remains. 

This  process  wiU  serve  to  give  a  good  idea  of  the  general  nature 
of  the  operation  by  which  alkalis  are  extracted  in  mineral  analysis, 
and  their  c[uantities  determined. 

Lithium  hydrate,  LiHO,  is  much  less  soluble  in  water  than  the 
hydrates  of  potassium  and  sodium  ;  the  carbonate  and  phoqihatc  are 
also  sparingly  soluble  salts.  The  chloride  crystallises  in  anhydi'ous 
cubes  which  are  deliquescent.  Lithium  sx^lphate  is  a  very  beautiful 
salt ;  it  crystallises  in  lengthened  prisms  containing  one  molecule  of 
water.    It  gives  no  double  salt  with  aluminium  sulphate. 

The  salts  of  lithium  colom-  the  outer  flame  of  the  blow-pipe 
carmine-red.  The  spectral  phenomena  exhibited  by  lithium 
compounds  are  mentioned  on  page.  77. 
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CAESIUM  AND  RUBIDIUM. 

Cs  =  133.  —  Kb  =  85-4. 

The  two  metals  designated  by  these  names  were  discovered  by 
Bunsen  and  Kirchhotf  by  means  of  theii'  spectrum  apparatus 
mentioned  on  page  76  :  the  former  in  1860  and  the  latter  in  1861. 
.  These  metals,  it  appears,  are  widely  diffused  in  nature,  but  always 
occur  in  very  small  quantities ;  they  have  been  detected  in  many 
mineral  waters,  as  well  as  in  some  minerals,  namely,  lithia-mica  or 
lepidolite,  and  petalite  ;  lately  also  in  felspar  ;  they  have  also  been 
found  in  the  alkaline  ashes  of  beetroot.  The  salt-spring  of  Ditrkheim, 
which  contains  0-17  part  of  caesium  chloride  in  a  million  parts  of 
water,  was  till  lately  regarded  as  the  richest  source  of  caesium  ;  but 
fi-om  recent  experiments  by  Colonel  Yorke,*  it  appears  that  the 
hot  _  spring  of  Wheal  Clifford,  already  mentioned  as  a  source  of 
lithium,  contains  1-71  parts  of  csesiiun  chloride  in  a  million,  or  0'12 
grains  in  a  gallon.  Th  e  best  material  for  the  preparation  of  rubidium 
is  lepidolite,  which  has  been  found  to  contain  as  much  as  0-2  per 
cent,  of  that  metal.  Both  metals  are  closely  analogous  to  potassium 
in  their  deportment,  and  cannot  be  distinguished  from  that  metal 
or  from  one  another,  either  by  reagents  or  before  the  blow-pipe, 

Eubidium  and  cfesium,  like  potassium,  form  double  salts  with 
tetrachloride  of  platinum,  which  are,  however,  much  less  soluble 
than  the  corresponding  potassium  salts  :  it  is  on  this  pro]3erty  that 
the  separation  of  these  metals  from  potassium  is  based.  The  mixture 
of  platinochlorides  is  repeatedly  extracted  with  boiling  water,  when 
a  difficultly  soluble  residue,  consisting  chiefly  of  the  platinochlorides 
of  cffisium  and  rubidium,  remains  ;  and  these  two  metals  are  finally 
separated  by  converting  them  into  tartrates,  rubidium  tartrate 
re(|  airing  for  solution  eight  times  as  much  water  as  ceesium  tar- 
trate, and  therefore  crystallising  out  first  from  the  mixed  solution. 

The  hydroxides  of  these  metals  are  powerful  bases,  which  attract 
carbonic  acid  from  the  air,  passing,  first  into  normal  carbonate,  and 
then  into  acid  carbonate.  Ctesium  carbonate  is  soluble  in  absolute 
alcohol  ;  rubidium  carbonate  is  nearly  insoluble  in  that  liquid  :  tliis 
property  is  made  use  of  for  the  separation  of  these  two  metals.  The 
chloride  crystallises  in  cubes,  and  is  somewhat  more  soluble  in  water 
than  chloride  of  potassium. 

Rubidium  chloride,  when  in  a  state  of  fusion,  is  easily  decom- 
posed by  the  electric  current ;  the  metal  produced  rises  to  tlie  sm-face 
and  burns  with  a  reddish  light.  If  this  experiment  be  performed 
m  an  atmosphere  of  hydrogen,  to  prevent  o.xidation,  the  separated 
metal  LS  nevertheless  lost,  dissolving  as  it  does  in  the  fused  chloride, 
which  IS  transformed  into  a  subchloride  having  the  blue  colour  of 

*  Journal  of  tlie  Chemical  Society,  1872,  p.  273. 
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smalt.  Rubidium,  when,  separated  under  mercury  by  the  electric* 
current,  forms  a  crystalline  amalgam  of  silvery  lustre,  which  is 
rapidly  oxidised  by  the  air,  and  decomposes  water  in  the  cold. 
Ctesium  chloride,  under  the  influence  of  the  electric  current,  exhibits 
exactly  the  same  deportment  as  rubidium  chloride.  Rubidium  is 
electro-positive  towards  potassium.  Cajsium  is  electro-po.sitive  to- 
wards rubidium  and  potassium,  and  thus  con.stitute8  the  most 
electro-positive  member  of  the  elements. 


GROUP  II. 
SILVER. 

Atomic  weight,  108.   Symbol,  Ag  (Argentum). 

Silver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with 
sulphide  of  antimony  and  sulphide  of  arsenic,  also  as  chloride, 
iodide,  and  bromide.  Among  the  principal  silver  mines  may  be 
mentioned  those  of  the  Hartz  moim tains  in  Germany,  of  Kong.sberg 
in  Norway,  and,  more  particularly,  of  the  Andes,  in  both  North  and 
South  America. 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores 
so  poor  as  to  render  any  process  of  smelting  or  fusion  inapplicable, 
even  where  fuel  covild  be  obtained,  and  this  is  often  diificult  to  be 
procured.  Recourse,  therefore,  is  had  to  another  method — that  of 
amalgamation — founded  oh  the  easy  solubility  of  silver  and  many 
other  metals  in  metallic  mercury. 

The  amalgamation  process  adopted  in  Germany — which  difl'ers 
somewhat  from  that  in  use  in  America — is  as  follows :  The  ore  is 
crushed  to  powder,  mixed  with  a  quantity  of  common  salt,  and 
roasted  at  a  low  red  heat  in  a  suitable  furnace,  by  which  treatment 
any  sulphide  of  silver  it  may  contain  is  converted  into  chloride. 
The  mixture  of  earthy  matter,  oxides  of  iron  and  copper,  soluble 
salts,  silver  chloride,  and  metallic  silver,  is  sifted  and  put  into  large 
barrels  made  to  revolve  on  axes,  ■nath  a  quantitj''  of  water  and  scraps 
of  iron,  and  the  whole  is  agitated  together  for  some  time,  during 
which  the  iron  reduces  the  silver  chloride  to  the  state  of  metal.  A 
certain  proportion  of  mercury  is  then  introduced,  and  the  agitation 
repeated  :  the  mercmy  dissolves  out  the  silver,  together  Mith  gold,  if 
there  be  any,  also  metallic  copper,  and  other  substances,  forming  a 
fluid  amalgam  easdy  separable  from  the  thin  mud  of  earthy  matter 
by  subsidence  and  washing.  This  amalgam  is  strained  through  a 
strong  Imen  clotli,  and  the  solid  portion  exposed  to  heat  in  a  kind 
of  retort,  by  which  the  remaining  mercury  is  distilled  oft',  and  the 
silver  left  behind  in  an  impure  state. 

Considerable  loss  often  occurs  in  tlie  amalgamation  process  from 
the  comliination  of  a  portion  of  the  mercury  with  sulphur,  oxygen, 


SILVER.  367 

*&c.,  whereby  it  is  brought  into  a  pulverulent  condition,  known  as 
"  flouring,"  and  is  then  Liable  to  be  washed  away,  together  with  the 
silver  it  has  taken  up.  This  iiiconvenience  may  be  jirevented,  as 
suggested  by  Mr.  Crookes,  by  amalgamating  the  merciu-y  with  1  or 
2  per  cent,  of  sodium,  which,  by  its  superior  affinity  for  sulphur  and 
oxygen,  prevents  the  mercury  from  becoming  floured. 

A  considerable  quantity  of  silver  is  obtained  from  argentiferous 
galena ;  in  fact,  almost  every  specimen  of  native  lead  .sulphide  is 
foimd  to  contain  traces  of  this  metal.  When  the  proportion  rises  to 
a  certain  amount,  it  becomes  worth  extracting.  The  ore  is  reduced 
in  the  usual  manner,  the  whole  of  the  silver  remaining  wit]]  the  lead  ■ 
the  latter  is  then  re-melted  in  a  large  vessel,  and  allowed  to  cool 
slowly  until  solidification  commences.  The  portion  which  first  crys- 
tallises is  nearly  pure  lead,  the  alloy  with  silver  being  more  fusible 
than  lead  itself:  by  particular  management  this  is  drained  away,  and 
is  found  to  contain  nearly  the  whole  of  the  silver  [Pattinson's  process]. 
This  rich  mass  is  next  exposed  to  a  red  heat  on  the  shallow  hearth 
of  a  furnace,  while  a  stream  of  air  is  allowed  to  impinge  upon  its 
surface;  oxidation  takes  place  with  great  rapidity,  the  fused  oxide 
or  Mtharge  being  constantly  swept  from  the  metal  by  the  blast. 
When  the  greater  part  of  the  lead  has  been  thus  removed,  the  residue 
is  transferred  to  a  cupel  or  shallow  dish  made  of  bone-ashes,  and 
again  heated :  the  last  portion  of  the  lead  is  now  oxidised,  and  the 
oxide  sinks  in  a  melted  state  into  the  porous  vessel,  while  the  silver 
almost  chemically  pure,  and  exhibiting  a  brUliant  surface,  remains 
behind. 

Pure  silver  may  be  easily  obtained.  The  metaP  is  dissolved  in 
nitric  a,cid  :  if  it  contains  copper,  the  solution  will  have  a  blue  tint  ; 
gold  will  remain  undissolved  as  a  black  powder.  The  solution  is 
mixed  with  hydrochloric  acid  or  with  common  salt,  and  the  white, 
insoluble,  curdy  precipitate  of  silver  chloride  is  washed  and  dried! 
This  IS  then  mixed  with  about  twice  its  weight  of  anhydrous  sodium 
carbonate,  and  the  mixture,  placed  in  an  earthen  crucible,  is  gradually 
raised  to  a  temperature  approaching  whiteness,  during  which  the 
sodium  carbonate  and  the  silver  chloride  react  upon  each  other; 
carbon  dioxide  and  oxygen  escape,  while  metallic  silver  and  silver 
chloride  result :  the  former  melts  into  a  button  at  the  bottom  of  the 
crucible,  and  is  easily  detached.  The  following  is  perhaps  the  most 
simple  method  for  the  reduction  of  silver  chloride.  The  silver-salt 
IS  covered  with  water,  to  which  a  few  drops  of  sulphuric  acid  are 
added ;  a  plate  of  zmc  is  then  introduced.  The  silver  chloride  soon 
begms  to  decompose,  and  is,  after  a  short  time,  entirely  converted 
into  metallic  silver  ;  the  silver  thus  obtained  is  grey  and  spongy  ; 
It  IS  ultimately  purified  by  washing  with  slightly  acidulated  water. 

Pure  silver  has  a  perfect  white  colour  and  a  high  degree  of  lustre  : 
It  Ls  exceedingly  malleable  and  ductile,  and  is  pro))ably  the  best 
conductor  Ijoth  ot  heat  and  electricity  known.  Its  specific  gravitv 
18  10-5.  in  hardness  it  lies  between  gold  and  copper.  It  melts  at 
a  bnght  red  heat.    Silver  is  unalterable  by  air  and  moisture  :  it 
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refuses  to  oxidise  at  any  temperature,  but  possesses  tLe  extrordmary 
faculty  already  noticed  of  absorbing  many  times  its  volume  ot  oxy- 
gen when  strongly  beated  in  an  atmospbere  oi  tbat  gas,  or  in  com- 
mon air.  Tbe  oxygen  is  again  disengaged  at  tbe  moment  of  solidifi- 
cation, and  gives  rise  to  tbe  peculiar  arborescent  appearance  otten 
remarked  on  tbe  surface  of  masses  or  buttons  of  pure  sUver  Tbe 
addition  of  2  per  cent,  of  copper  is  sufficient  to  prevent  tbe  absorp- 
tion of  oxygen.  Silver  oxidises  wben  beated  witb  fusible  siliceous 
matter,  as  glass,  wbicb  it  stains  yellow  or  orange,  from  tbe  formation 
of  a  sibcate.  It  is  little  attacked  by  bydrocbloric  acid  ;  boiling  od 
of  vitriol  converts  it  into  sulpbate,  witb  evolution  of  sulpburous 
oxide  ;  nitric  acid,  even  dilute  and  in  tbe  cold,  dissolves  it  readily. 
Tbe  tarnisbiug  of  surfaces  of  silver  exposed  to  tbe  air  is  due  to 
bydrogen  sulpbide,  tbe  metal  having  a  strong  attraction  for  sulpbur. 

Silver  Chlorides.— Two  of  tbese  compounds  are  known,  contain- 
ing respectively  1  and  2  atoms  of  silver  to  1  atom  of  cblorine  ;  tbe 
second,  however,  is  a  very  unstable  compound.* 

Tbe  Monochloride  or  Argentic  Chloride)  AgCl,  is  almo.st 
invariably  produced  wben  a  soluble  silver  salt  and  a  soluble  chloride 
are  nnxed.  It  falls  as  a  white  curdy  precipitate,  quite  insokible  m 
water  and  nitric  acid  ;  one  part  of  silver  chloride  is  soluble  m  200 
parts  of  bydrocbloric  acid  wben  concentrated,  and  in  about  600  parts 
wben  diluted  with  double  its  weight  of  water.  When  beated  it 
melts,  and  on  cooling  becomes  a  greyish  crystalline  mass,  which  cuts  . 
like  horn  :  it  is  found  native  in  this  condition,  constituting  tbe  horn- 
silver  of  tbe  mineralogist.  Silver  chloride  is  decomposed  by  light 
both  in  tbe  dry  and  in  the  wet  state,  very  slowly  if  pure,  and 
quickly  if  organic  matter  be  present :  it  is  reduced  also  wben  put 
into  water  with  metallic  zinc  or  iron.  It  dissolves  witb  great  ease 
in  ammonia  and  in  a  solution  of  potassium  cyanide.  In  analysis 
tbe  proportion  of  chlorine  or  bydrocbloric  acid  in  a  compound  is 
always  estimated  by  precipitation  witb  silver  solution.  The  uquicl 
is  acidulated  with  nitric  acid,  and  an  excess  of  silver  nitrate  added  ; 
the  chlorine  is  collected  on  a  filter,  or  better  by  subsidence,  washed, 
dried,  and  fused  ;  100  parts  correspond  to  24-7  of  chlorine,  or  25-43 
of  bydrocbloric  acid. 

Argentous  Chloride,  Ag^Cla,  is  obtained  by  treating  the  corre- 
sponding oxide  witb  hycbocbloric  acid  or  by  precipitating  an  argen- 
tous salt— the  citrate,  for  example— with  common  salt.  It  is  easily 
resolved  by  beat  or  by  ammonia  into  argentic  chloride  and  metalUc 
silver. 

*  The  existence  of  two  silver  chlorides  is  utterly  incompatible  with  the 
hypothesis  that  both  silver  and  chlorine  are  monad  elements.  The  composi- 
tion of  the  araentous  compounds  is  not  perhaps  very  well  establi.shed ;  but 
supposing  the  chloride  to  contain  AgjCl.,  as  usually  stated,  its  constitution 

may  be  represented  by  the  formula       |  ,  in  which  chlorine  plays  the  part 
of  a  triad. 


SILVEB, 


369 


Silver  Fluoride,  AgF,  is  produced  by  dissolving  argentic  oxide  or 
carbonate  in  aqueous  hycbotluoric  acid,  and  separates  on  evapora- 
tion ill  transparent  quadratic  octohedrons,  which  contain  AgF.H.,0, 
and  give  off  theii-  water  when  fused.  Their  solution  gives,  with 
hytkochloric  acid,  a  precipitate  of  argentic  chloride.  When  chlorine 
gas  is  passed  over  fused  sUver  fluoride,  silver  chloride  is  formed  and 
fluorine  is  set  free  (p.  203). 

Silver  Iodide,  Agl,  is  a  pale-yellow  insoluble  precipitate,  produced 
by  adtUng  silver  nitrate  to  potassium  iodide  ;  it  is  insoluble,  or 
nearly  so,  in  ammonia,  and  in  this  respect  forms  an  exception  to' the 
silver-salts  in  general.  Deville  has  obtained  a  crystalline  silver 
iodide  by  the  action  of  concentrated  hydriodic  acid  upon  metallic 
silver,  which  it  dissolves  with  disengagement  of  hydrogen.  Hydri- 
odic acid  converts  silver  chloride  into  iodide.  The  bromide  of  silver 
very  closely  resembles  the  chloride.. 

Silver  Oxides.— There  are  three  oxides  of  silver,  only  one  of 
which  can,  however,  be  regarded  as  a  well-defined  compound, 
namely : 

The  Monoxide,  or  Argentic  Oxide,  AggO.— This  oxide  is  a 
powerful  base,  yielding  salts  isomorphous  with  those  of  the  alkali- 
metals.  It  is  obtained  as  a  pale-brown  precipitate  on  adding  caustic 
potash  to  a  solution  of  silver  nitrate  : 

2AgN03  +  KHO  =  Ag^O  +  KNO3  +  HNO3. 

It  is  very  soluble  in  ammonia,  and  is  dissolved  also  to  a  small 
extent  by  pure  water  ;  the  solution  is  alkaline.  Eecently  precipitated 
silver  chloride,  boiled  with  a  solution  of  caustic  potash  of  specific 
gravity  1-25,  is  converted,  according  to  Gregory,  although  with 
difficiUty,  into  argentic  oxide,  which  in  this  case  is  black  and  very 
dense.  Argentic  oxide  neutralises  acids  completely,  and  forms  for 
the  most  part,  colourless  salts.  It  is  decomposed  by  a  red  heat 
with  evolution  of  oxygen,  spongy  metallic  silver  being  left :  the  sun's 
rays  also  effect  its  decomposition  to  a  small  pxtent 

Argento7is  Oxide,  Ag,0.*-When  diy  argentic  citrate  is  heated 
to  100  m  a  stream  of  hydrogen  gas,  it  loses  oxygen  and  becomes 
aark- brown.  The  product,  dissolved  in  water,  gives  a  dark-colom-ed 
solution  contammg  iree  citric  acid  and  argentous  citrate,  which  when 
mixed  with  potash  yields  a  precipitate  of  argentous  oxide.  This 
oxKle  1.S  a  Mack  powder,  very  easily  decomposed,  and  soluble  in 
ammoma.  The  solution  of  argentous  citrate  is  rendered  colour- 
silver  '  resolved  into  argentic  citrate  and  metaUic 

oxv'tnr,i^t"i*o'''\*l"'/°'''^"J'''  '^-^^  that  silver  i.s  a  moiiml,  tlien 

oxygen  must  be  a  tetrad  ;  if,  liowever,  silver  be  regarded  as  a  dyad  or  triad, 

argentous  oxide  may  be  represented  as  |^        t^,  or  as  jf  ^  ||'^. 

Ag— 0— Ag  Ag— 0— Ag 

FOWNES. — VOL.  I.  2  a 
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Silver  Dioxide,  Ag^O^^      \  .—This  is  a  Hack  crystalline 

Ago  . 
substance  which,  forms  upon  the  positive  electrode  of  a  voltaic 
arrangement  employed  to  decompose  a  solution  of  silver  nitrate. 
It  is  reduced  by  heat  ;  evolves  chlorine  when  acted  upon  by  hydro- 
chloric acid  ;  explodes  when  mixed  with  phosphorus  and  struck  ; 
and  decomposes  solution  of  ammonia,  with  great  energy  and  rapid 
disengagement  of  nitrogen  gas. 

Oxysalts  of  Silver.— The  nitrate,  AgNOg,  is  prepared  by  dissolv- 
ing silver  in  nitric  acid,  and  evaporating  the  solution  to  dryness,  or 
imtil  it  is  strong  enough  to  crystallise  on  cooling.  The  crystals  are 
colourless,  transparent,  anhydrous  tables,  soluble  in  an  equal  weight 
of  cold  and  in  half  that  quantity  of  boiling  water:  they  also  dissolve 
in  alcohol.  They  fuse  when  heated,  like  those  of  nitre,  and  at  a 
high  temperature  suffer  decomposition  :  the  lunar  caustic  of  the 
surgeon  is  sUver  nitrate  which  has  been  melted  and  poured  into  a 
cylindrical  mould.  The  salt  blackens  when  exposed  to  light,  more 
particularly  if  organic  matters  of  any  kind  are  present,  and  is 
frequently  employed  to  communicate  a  dark  stain  to  the  hair  it 
enters  into  the  composition  of  the  "  indelible"  ink  used  for  mai'king 
linen.  The  black  stain  has  been  thought  to  be  metallic  silver ;  it 
may  possibly  be  argentous  oxide.  Pure  silver  nitrate  may  be  pre- 
pared from  the  metal  alloyed  with  copper :  the  aUoy  is  dissolved 
in  nitric '  acid,  the  solution  evaporated  to  dryness,  and  the  mixed 
nitrates  cautiously  heated  to  fusion.  A  small  portion  of  the  melted 
mass  is  removed  from  time  to  time  for  examination:  it  is  dissolved 
in  water,  filtered,  and  ammonia  added  to  it  in  excess.  While  any 
copper-salt  remains  undecomposed,  the  liquid  wiU  be  blue,  but  when 
that  no  longer  happens,  the  nitrate  may  be  suffered  to  cool,  dissolved 
in  water,  and  filtered  from  the  black  oxide  of  copper. 

Silver  Sulphate,  Ag2S04,  may  be  prepared  by  boiling  together  oil 
of  vitriol  and  metallic  silver,  or  by  precipitating  a  concentrated 
solution  of  silver  nitrate  with  an  alkaline  sulphate.  It  dissolves  in 
88  parts  of  boiling  water,  and  separates  in  great  measure  in  the 
crystalline  form  on  coobug,  being  but  sHghtly  soluble  at  a  low 
temperature.  It  forms  with  ammonia  a  crystallisable  compoimd 
which  is  freely  soluble  in  water,  contains  2NH3.Ag2S04,  and  may 
therefore  be  regarded  as  argentawmonium  sulphate,  (NJIgAg)2S0^. 

Silver  Hyposulphate,  or  Dithionate,  AgaSjOg,  is  a  soluble  crystal- 
Usable  salt,  permanent  in  the  air.  The  thiosulphate,  Kg^^^O^,  is 
insoluble,  white,  and  very  prone  to  decomposition  :  it  combmes 
with  the  alkaline  thiosulphates,  forming  soluble  compounds  distin- 
guished by  an  intensely  sweet  taste.  The  alkaline  thiosulphates 
dissolve  both  oxide  and  chloride  of  silver,  and  give  rise  to  similar 
salts  an  oxide  or  chloride  of  the  alkaline  metal  being  at  the  same 
time'  formed  :  hence  the  use  of  alkaline  thiosulphates  in  fixing 
photographic  pictures  (p.  87). 
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Silver  Carbonate  is  a  white  insoluble  substance  obtained  by  mixing 
solutions  of  silver  nitrate  and  sodium  cai'bonate.  It  is  blackened 
and  decomposed  by  boiling. 

Silver  Sulphide,  AgoS,  is  a  soft,  grey,  and  somewhat  malleable 
substance,  found  native  in  the  crystallised  state,  and  easily  produced 
by  melting  together  its  constituents,  or  by  precipitating  a  solution 
of  sUver  wdth  hydi-ogen  sulpiride.  It  is  a  strong  sulphiu'-base,  and 
combines  with  the  sulphides  of  antimony  and  arsenic  :  examples  of 
such  compounds  are  found  in  the  beautiful  minerals,  dark  and  light- 
red  silver  ore. 

Ammonia  Compound  of  Silver;  Bertholhth  Fulminating  Silver. 
— Thisisablack,  explosive  compound  formed  by  digestingprecipitated 
argentic  oxide  in  ammonia  While  moist,  it  exj^lodes  only  when 
rubbed  with  a  hard  body,  but  when  dry  the  touch  of  a  feather  is 
sufficient.  The  ammonia  retains  some  of  this  substance  in  solution, 
and  deposits  it  in  small  crystals  by  sjDontaneous  evaporation.  A 
similar  compoimd  exists  containing  oxide  of  gold. 


Soluble  silver  salts  are  perfectly  characterised  by  the  white  cirrdy 
precipitate  of  silver  chloride,  darkening  by  exposure  to  light,  and 
insoluble  in  hot  nitric  acid,  which  is  produced  by  the  addition  of 
any  soluble  chloride.  Lead  and  mercirry  are  the  only  metals  which 
can  be  confounded  with  silver  in  this  respect ;  but  lead  chloride 
is  soluble  to  a  great  extent  in  boiling  water,  and  is  deposited  in 
brilliant  acicular  crystals  when  the  solution  cools ;  and  merciu-ous 
chloride  is  instantly  blackened  by  ammonia,  whereas  silver  chloride 
is  dissolved  thereby. 

Solutions  of  silver  are  reduced  to  the  metallic  state  by  iron,  copper, 
mercury,  and  other  metals.  They  give  with  hydrogen  sulphide  a  black 
precipitate  of  argentic  sulphide  insoluble  in  ammonium  sulphide  ; 
with  caustic  alkalis,  a  brown  precipitate  of  argentic  oxide  ;  and 
with  alkcdine  carbonates,  a  white  precipitate  of  argentic  carbonate, 
both  precipitates  being  easily  soluble  in  ammonia.  Ordinary  sodium 
phos2)hate  forms  a  yellow  precipitate  of  argentic  orthophosphate ; 
potassium  chromate  or  bichromate,  a  red  brown  precipitate  of  argentic 
chromate. 


The  economical  uses  of  silver  are  many :  it  is  admirably  adapted 
for  culinary  and  other  similar  purposes,  not  being  attacked  in  the 
slightest  degree  by  any  of  the  substances  used  for  food.  It  is 
necessary,  however,  in  these  cases,  to  diminish  the  softness  of  the 
metal  by  a  small  addition  of  copper.  The  .standard  silver  of  England 
contains  222  parts  of  silver  and  18  parts  of  copper. 
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GOLD. 

Atomic  weight,  197.    Symbol,  Au  (Aurum.) 

Gold,  in  small  quantities,  is  a  very  widely  diffused  metal ;  traces  of 
it  are  constantly  found  in  the  ii'on  pyrites  of  the  more  ancient  rocks. 
It  is  always  met  with  in  the  metallic  state,  sometimes  heautifully 
crystallised  in  the  cuhic  form,  associated  with  quartz,  iron  oxide, 
and  other  siibstances  in  regular  mineral  veins.  The  sands  of  various 
rivers  have  long  furnished  gold  derived  from  this  source,  and  separ- 
able hy  a  simple  process  of  washing  ;  such  is  the  gold-dust  of 
commerce.  When  a  veinstone  is  wrought  for  gold,  it  is  stamped  to 
powder,  and  shaken  in  a  suitable  apparatus  with  water  and  merciuy  ; 
an  amalgam  is  thus  formed,  which  is  afterwards  separated  fi'om  the 
mixtm-e  and  decomposed  by  distillation.  Formerly,  the  chief  supply 
of  gold  was  obtained  from  the  mines  of  Brazil,  Hungary,  and  the 
Ural  mormtains  ;  but  California  and  Australia  now  yield  by  far  the 
largest  quantity.  The  new  gold-field  of  British  Columbia  is  also  very 
productive. 

Native  gold  is  almost  always  alloyed  with  sUver.  The  purest 
specimens  have  been  obtained  from  Schabrowski,  near  Kathai-inen- 
burg,  in  the  Ural.  A  specimen  analysed  by  GustavEose  was  foimd 
to  contain  98'96  per  cent,  of  gold.  The  Californian  gold  averages 
from  87'5  to  88'5  per  cent.,  and  the  Australian  from  96  to  96'6 
per  cent.  In  some  specimens  of  native  gold,  as  in  that  from 
Linarowski  in  the  Altai  mountains,  the  percentage  of  gold  is  as  low 
as  60  per  cent,  the  remainder  being  silver. 

Pure  gold  is  obtained  from  its  alloys  by  solution  in  nitromuxiatic 
acid,  and  precipitated  with  a  ferrous  salt,  which  reduces  the  gold, 
and  is  itself  converted  into  a  ferric  salt,  thus  : 

eFeSO^  -f-  2AUCI3  =  2Fe2(S04)3  +  FeaClg  +  Au,. 

The  gold  falls  as  a  brown  powder,  which  acquires  the  metallic 
lustre  by  friction. 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  coloiir.  It  sur- 
passes all  other  metals  in  malleability,  the  thinnest  gold  leaf  not 
exceeding,  it  is  said,  -sTnr.Tw  of  an  inch  in  thickness,  while  the  gilding 
on  the  silver  wii'e  used  in  the  manufacture  of  gold-lace  is  still  thinner. 
It  may  also  be  drawn  into  very  fine  wire.  Gold  has  a  density  of 
19'5  :  it  melts  at  a  temperature  a  little  above  the  fusing  point  of 
silver.  Neither  air  nor  water  afl'ects  it  in  the  least  at  any  tempera- 
ture ;  the  ordinary  acids  fail  to  attack  it  smgly.  A  mixtm-e  of 
nitric  and  hydrochloric  acid  dissolves  gold,  however,  ^\ith  ease,  the 
active  agent  being  the  liberated  chlorine. 

Gold  forms  two  series  of  compounds  :  the  aurous  compounds, 
in  which  it  is  imivalent,  as  AuCl,  AiuO,  &c.,  and  the  auric  com- 
pounds, in  which  it  is  trivalent,  as  AUCI3,  AujOj,  &c. 
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Chlorides.— The  monochlonde  or  Atirous  chloride,  AuCl,  is  pro- 
duced when  the  trichloride  is  evaporated  to  di-yaiesf?,  and  exposed 
to  a  heat  of  227°  until  chlorine  ceases  to  be  exhaled.  It  forms  a 
yellow-ish-white  mass,  insoluhle  in  water.  In  contact  with  that 
liquid  it  is  decomposed  slowly  in  the  cold,  and  rapidly  by  the  aid  of 
heat,  into  metallic  gold  and  trichloride. 

The  trichlorule  oT  A  uric  chloiide,  AuClg,  is  the  most  important  eom- 
poimd  of  gold :  it  is  always  produced  when  gold  is  dissolved  into 
nitro-muriatic  acid.  The  deep  yellow  solution  thus  ol^tained  yields, 
by  evaporation,  yellow  crystals  of  the  double  chloride  of  gold  and 
hydi-ogen  ;  when  this  is  cautiously  heated,  hydrochloric  acid  is  ex- 
pelled, and  the  residue,  on  cooling,  solidifies  to  a  red  crystalline 
mass  of  auric  chloride,  very  deliquescent,  and  soluble  in  water, 
alcohol,  and  ether.  Auric  chloride  combines  with  a  number  of 
metalHc  chbrides,  forming  a  series  of  double  salts,  called  chloro- 
aurates,  of  which  the  general  formula  in  the  anhydrous  state  is 
MCl.AuClg,  M  representing  an  atom  of  a  monad  metal.  These 
compounds  are  mostly  yellow  when  in  crvstals,  and  red  when  de- 
prived of  water.  The  cmmio^iium  salt,  NH^CLAuCla.H^O,  crystal- 
lises m  transparent  needles  ;  the  sodium  salt,  NaCLAuCl3.2H20 ,  in 
long  foiu--sided  prisms.  Auric  chloride  likewise  foims  crystalline 
double  salts  with  the  hydrochlorides  of  many  organic  bases. 

A  mixture  of  auric  chloride  with  excess  of  acid  potassium  or 
sodium  carbonate  is  used  for  gilding  small  ornamental  articles  of 
copper  :  these  are  cleaned  by  dilute  nitric  acid,  and  then  boUed  in 
the  mixture  for  some  time,  by  which  means  they  acquire  a  thin  but 
perfect  coating  of  reduced  gold. 

Oxides.— The  monoxide,  or  Aurous  oxide,  is  produced  when  caustic 
potash  m  solution  is  poured  upon  the  monochloride.  It  is  a  o-reen 
powder,  partly  soluble  in  the  allvaUne  liquid ;  the  solution  rapidly 
decomposes  into  metallic  gold,  which  subsides,  and  am-ic  oxide, 
which  remains  dissolved. 

Trioxide  or  Auric  oxide,  AU2O3.— When  magnesia  is  added  to  aimc 
chloride,  and  the  sparingly  soluble  aurate  of  magnesium  well  washed 
and  digested  with  nitric  acid,  auric  oxide  is  left  as  an  insoluble  reddish- 
yellow  powder,  which  when  dry  becomes  chestnut-brown.  It  is 
easily  reduced  by  heat,  and  by  mere  exposure  to  light ;  it 
13  insoluble  m  oxygen-acids,  with  the  exception  of  strong  nitric 
acid,  insoluble  in  hydrofluoric  acid,  easily  dissolved  by '  hydro- 
chloric and  hydrobromic  acids.  Alkalis  dissolve  it  freely  ;  indeed, 
the  acid  properties  of  this  substance  are  very  strongly  marked  ;  it 
pa,rtially  decomposes  a  solution  of  potassium  chloride  when  boiled 
with  that  liquid,  potassium  hydroxide  being  produced.  When  diges- 
ted with  animoma,  it  yields  fulminating  gold,  consisting,  acconUng  to 
Berzehus,  of  Au2O3.4NH3.H2O.  . 

The  compounds  of  auric  oxide  with  alkalis  are  called  aurates. 
The  votassmm  salt,  K,O.A^^,0.^.m^O  or  KAUO2.3H2O,  is  a  crystal- 
line .salt,  the  solution  of  which  is  sometimes  used  as  a  bath  for  electro- 
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gilding.    A  compound  of  aurate  and  acid  sulphite  of  potassium,  or 

potassium  aurosidphite,  2(KAu02.4KHS03).H20,  is  deposited  in 
yellow  needles  when  potassium  sulphite  is  added,  drop  by  di-op,  to 
an  alkaline  solution  of  potassium  aurate. 

Gold  shows  but  little  tendency  to  form  oxygen-salts.  Aunc  oxide 
dissolves  in  strong  nitric  acid,  but  the  solution  is  decomposed  by 
evaporation  or  dilution.  A  sodio-aurous  thiosul})hate,  Na3Au(S203)2- 
2H2O,  is  prepared  by  mixing  the  concentrated  solutions  of  auric 
chloride  and  sodium  thiosulphate,  and  precipitating  with  alcohol. 
It  is  very  soluble  in  water,  and  crystallises  in  colourless  neeiUes.  _  Its 
solution  is  used  for  fLxing  daguerreotype  pictures.  With  barium 
chloride,  it  yields  a  gelatmous  precipitate  of  bario-aurous  tUosulplutte, 
BaaAuaCSaOg)^. 

Sulphides.— ^«roMS  sulphide,  AugS,  is  formed  as  a  dark-brown, 
almost  black  precipitate  when  hydrogen  sulphide  is  passed  mto  a 
boiling  solution  of  auric  chloride.  It  forms  sulphur-salts  with  the 
monosulphides  of  fpotassium  and  sodium.  Auric  sulphide,  AujSj,  is 
precipitated  in  yeUow  flocks  when  hydrogen  sulphide  is  passed  into 
a  cold  dilute  solution  of  auric  chloride.  Both  these  sulphides  dissolve 
in  ammonium  sulphide. 


The  presence  of  gold  in  solution  may  be  detected  by  the  brown 
precipitate  with  ferrous  mlphate,  fusible  before  the  blowpipe  to  a 
bead  of  metallic  gold  ;  also  by  the  brownish  purple  precipitate,  called 
"  Purple  of  Cassius,"  formed  when  stannous  chloride  is  added  to 
dilute  gold  solutions.  The  composition  of  this  precipitate  is  not 
exactly  known,  but  after  ignition  it  doubtless  consists  of  a  mixture 
of  stannic  oxide  and  metallic  gold.*    It  is  used  in  enamel  pamting. 

Oxalic  acid  slowly  reduces  gold  to  the  metallic  state  :  to  ensure 
complete  precipitation,  the  gold-solution  must  be  digested  with  it 
for  24  hours.  For  the  quantitative  analysis  of  a  solution  containing 
gold  and  other  metals,  oxalic  acid  is  in  most  cases  a  more  convenient 
precipitant  than  ferrous  sidphate  ;  inasmuch  as,  if  the  quantities  of 
the  other  metals  are  also  to  be  determined,  the  presence  of  a  large 
quantity  of  iron  salt  may  complicate  the  analysis  considerably. 


Gold  intended  for  coin,  and  most  other  purposes,  is  always  alloyed 
with  a  certain  proportion  of  silver  or  copper,  to  increase  its  hard- 
ness and  durability:  the  first-named  metal  confers  a  pale  greenish 
colour.  English  standard  gold  contains  of  alloy,  now  always  copper. 
Gold  when  alloyed  with  copper  may  be  estimated  by  fusion  in 
a  cupel  with  lead,  in  the  same  way  as  silver  (p.  367).  If  the  alloy 
be  free  from  silver,  the  weight  of  the  globule  of  gold  left  iu  the 
cupel  will,  after  repeated  fusions,  accurately  represent  the  quantity 
of  gold  which  is  present  in  the  alloy.    But  if  the  alloy  contains 

*  Graham's  Elements  of  Chemistry,  2nd  edit.  vol.  ii.  p.  353. 
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silver,  that  metal  remains  with  the  gold  after  ciTpellation.  In  this 
case  the  original  alloy,  consisting  of  gold,  silver,  and  copper,  is  fused 
in  the  muffle,  together  with  lead  and  silver ;  the  alloy  of  gold  and 
silver  remainuig  after  cupellation  is  then  boiled  with  nitric  acid, 
which  dissolves  the  silver,  the  gold  being  left  behind.  By  treatment 
of  the  alloy  of  gold  and  silver  with  nitric  acid,  an  accurate  separation 
is  obtained  only  when  the  two  metals  are  present  in  certain  propor- 
tions. If  the  alloy  contains  but  little  silver,  that  metal  is  protected 
fi'om  the  action  of  the  nitric  acid  by  the  gold ;  again,  if  it  contains 
too  much  silver,  the  gold  is  left  as  a  powder  when  the  silver  is 
dissolved  out.  Experience  has  shown  that  the  most  favoiu'able 
proportions  are  J  gold  to  f  silver  ;  the  gold  is  then  left  pure,  retain- 
ing the  original  shape  of  the  alloy,  and  can  be  easily  dried  and 
weighed.  The  quantity  of  silver  wfdch  is  added  to  the  aUoy  must 
therefore  vary  with  the  amount  of  gold  which  it  contains. 

Gold-leaf  is  made  by  rolling  out  plates  of  pure  gold  as  thin  as 
possible,  and  then  beating  them  between  folds  of  membrane  with  a 
hea\7-  hammer,  imtil  the  requisite  degree  of  tenuity  has  been 
reached.  The  leaf  is  made  to  adhere  to  wood,  &c.,  by  size  or 
varnish. 

Gilding  on  copper  has  very  generally  been  performed  by  dipping 
the  articles  into  a  solution  of  mercury  nitrate,  and  then  shaking 
them  with  a  small  lump  of  a  soft  amalgam  of  gold  with  that  metal, 
which  thus  becomes  spread  over  their  surfaces  :  the  articles  are 
subsequently  heated  to  expel  the  mercury,  and  then  burnished. 
Gilding  on  steel  is  clone  either  by  applying  a  solution  of  auric 
chloride  in  ether,  or  by  roughening  the  surface  of  the  metal,  heating 
it,  and  applying  gold-leaf  with  the  burnisher.  Gilding  by  elec- 
trolysis— an  elegant  and  simple  method,  now  rapidly  superseding 
many  of  the  others— has  already  been  noticed  (p.  299).  The  solution 
usually  employed  is  obtained  by  dissolving  oxide  or  cyanide  of 
gold  in  a  solution  of  potassium  cyanide. 
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CLASS  II.— DYAD  METALS. 
GROUP  I.— METALS  OF  THE  ALKALINE  EAETHS. 


BARIUM.* 

Atomic  weight,  137.    Symbol,  Ba. 

This  metal  occurs  abundantly  as  sulphate  and  carbonate,  forming 
the  veinstone  in  many  lead  mines.  Davy  obtained  it  in  the  metallic 
state  by  means  similar  to  those  described  in  the  case  of  lithium. 
Bunsen  subjects  barium  chloride  mixed  to  a  paste  with  water  and  a 
little  hydrochloric  acid,  at  a  temperature  of  100°,  to  the  action  of  the 
electric  current,  using  an  amalgamated  platinum  wire  as  the 
negative  pole.  In  this  manner  the  metal  is  obtained  as  a  solid, 
higlily  crystalline  amalgam,  which,  when  heated  in  a  stream  of 
hydi'ogen,  yields  barium  in  the  form  of  a  timiefied  mass,  tarnished 
on  the  siu'face,  but  often  exhibiting  a  silver-white  lustre  in  the 
cavities.  Barium  may  also  be  obtained,  though  impure,  by  passing 
vapour  of  potassium  over  the  red-hot  chloride  or  oxide  of  barium. 
It  is  malleable,  melts  below  a  red  heat,  decomposes  water,  and 
gradually  oxidises  in  the  air. 

Barium  Chloride,  BaClg.SHgO. — This  valuable  salt  is  prepared 
by  dissolving  the  native  carbonate  in  hydrochloric  acid,  filtering 
the  solution,  and  evaporating  until  a  pellicle  begins  to  form  at  the 
surface  :  the  solution  on  cooling  deposits  crj^stals.  When  native 
carbonate  cannot  be  procured,  the  native  sulphate  may  be  employed 
in  the  following  manner  :• — The  sulphate  is  reduced  to  fine  powder, 
and  intimately  mixed  with  one-third  of  its  weight  of  powdered  coal ; 
the  mixture  is  pressed  into  an  earthen  crucible  to  which  a  cover  is 
fitted,  and  exposed  for  an  hour  or  more  to  a  high  red  heat,  by  which 
the  sulphate  is  converted  into  sulphide  at  the  expense  of  the 
combustible  matter  of  the  coal ;  the  black  mass  thus  obtained  is 
powdered  and  boiled  in  water,  by  which  the  .sulphide  is  dissolved  ; 
and  the  solution,  filtered  hot,  is  mixed  with  a  slight  excess  of 
hydrochloric  acid.  Barium  chloride  and  hydrogen  sulpiride  are  then 
produced,  the  latter  escaping  with  ett'ervescence.  Lastly,  the  solution 
is  filtered  to  separate  any  little  insoluble  matter,  and  evaporated  t-o 
the  crystallising  point. 

The  crystals  of  bariiun  chloride  are  flat  four-sided  tables,  colour- 
less and  transparent.    They  contain  two  molecules  of  water,  easily 

*  From  /3opus,  heavy,  in  allusion  to  the  great  specific  gravity  of  the  native 
carbonate  and  sulphate. 
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di'iveii  off  by  heat.  100  parts  of  -water  cUssoIto  43'5  parts  at  15-5°, 
and  78  parts  at  104-5°,  -which  is  the  boiling-poiut  of  the  saturated 
sohitiau. 

Barium  Oxides. — The  Monoxide  or  Baryta,  BaO,  is  Lest  prepared 
by  decomposing  the  crystallised  nitrate  by  heat  in  a  capacious 
porcelain  crucible  until  red  vapoiu's  are  no  longer  disengaged:  the 
niti'ic  acid  is  then  resolved  into  nitrous  acid  and  oxygen,  and  the 
baryta  remains  behind  in  the  form  of  a  greyish  spongy  mass,  fusible 
at  a  high  degi-ee  of  heat.  'l^Tien  moistened  -with  -water  it  combines 
into  a  hycbate,  -with  great  elevation  of  temperature.  The  Hydroxide 
or  Hydrate,  BaH202=BaO.H^O,  is  prepared  on  the  large  scale  by  de- 
composing a  hot  concentrated  solution  of  barium  chloride  with  a 
solution  of  caustic  soda  ;  on  cooUng,  crystals  of  barium  hydi-ate  are 
deposited,  -which  may  be  pmified  by  re-crystaUisation.  In  the  labora- 
tory barium  hydrate  is  often  prepared  by  boiling  a  strong  .solution  of 
the  sulphide  wdth  small  successive  portions  of  black  oxide  of  coiDper 
until  a  drop  of  the  liquid  ceases  to  form  a  black  precipitate  -with  lead 
salts  :  the  filtered  liquid  on  cooling  yields  crystals  of  the  hydrate. 
The  crystals  of  barium  hydrate  contain  BaHgOg.S  aq.  ;*  they  fuse 
easily,  and  lose  theii-  -water  of  crystallisation  -when  strongly  heated, 
leaving  the  hycbate,  BaR^O^,  in  the  form  of  a  white,  soft  powder, 
ha-nng  a  great  attraction  for  carbonic  acid,  and  soluble  in  20  parts 
of  cold  arid  2  parts  of  boiling  water.  The  solution  is  a  valuable 
reagent  :  it  is  highly  alkaline  to  test-paper,  and  instantly  rendered 
turbid  by  the  smallest  trace  of  carbonic  acid. 

The  Dioxide,  BaOg,  may  be  formed,  as  already  mentioned,  by 
exposing  baryta,  heated  to  full  recbaess  in  a  porcelain  tube,  to  a 
current  of  pure  oxygen  gas.  It  is  grey,  and  forms  -with  water  a 
white  hycbate,  which  is  not  decomposed  by  that  liqiud  in  the  cold, 
but  dissolves  in  small  quantity.  Barium  hycbate,  when  heated  to 
redness  in  a  current  of  dry  atmospheric  air,  loses  its  water,  and  is 
converted,  by  absorption  of  oxygen,  into  barium  dioxide,  from 
which  the  second  atom  of  oxygen  may  be  expelled  at  a  higher 
temperature.  Bous.singault  has  proposed  to  utilise  these  reactions 
for  the  preparation  of  oxygen  upon  a  large  scale.  The  dioxide  may 
also  be  made  by  heating  pure  baryta  to  redness  in  a  p)latinum 
cnicible,  and  then  gradually  adding  an  equal  weight  of  potassium 
chlorate,  whereby  barium  dioxide  and  potassium  chloride  are 
produced.  The  latter  may  be  extracted  by  cold  water,  and  the 
dioxide  left  in  the  state  of  hydrate.  It  is  used  for  the  preparation 
ot  hydrogen  dioxide  (p.  145).  When  dissolved  in  dilute  acid,  it  is 
decomposed  by  potassium  bichromate,  and  by  the  oxide,  chloride, 
.sulpliate,  and  carbonate  of  silver. 

Oxysalts  of  Barium.— The  Nitrate,  Ba(N03)2,  is  prepared  by 
methods  exactly  similar  to  those  adopted  for  preparing  the  chloride, 

•  cry.stalU.satkm'^'  °f  '^^"')  is  often  used  to  denote  water  of 
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nitric  acid  "being  substituted  for  hydrochloric.  It  crystallises  in 
transparent  colourless  octohedrons,  which  are  anhydrous.  They 
require  for  solution  8  parts  of  cold  and  3  parts  of  boiling  water. 
This  salt  is  much  less  soluble  in  dilute  nitric  acid  than  in  pure  water : 
errors  sometimes  arise  from  such  a  precipitate  of  crystalline  barium 
nitrate  being  mistaken  for  sulphate.  It  disappears  on  heating,  or 
by  large  affusion  of  water. 

The  Sulphate,  BaSO^,  is  found  native  as  heavxj  spar  or  hanjtes, 
often  beautifully  crystallised  :  its  specific  gravity  is  as  high  as 
4-4  to  4-8.  This  compound  is  always  produced  when  sulphiiric 
acid  or  a  soluble  sulphate  is  mixed  with  a  solution  of  a  barium 
salt.  It  is  not  sensibly  soluble  in  water  or  in  dilute  acid^ : 
even  in  nitric  acid  it  is  almost  insoluble  :  hot  oil  of  vitriol 
dissolves  a  little,  but  the  greater  part  separates  again  on  cooling, 
Barium  sulphate  is  now  produced  artificially  on  a  large  scale,  and 
is  used  as  a  substitute  for  white-lead  in  the  manufacture  of  oU- 
paints.  The  sulj)hate  to  be  used  for  this  purpose  is  precipitated 
from  very  dilute  sohitions  :  it  is  known  in  commerce  as  Uanc  fixe. 
Powdered  native  barium  sulphate,  being  rather  crystalline,  has  not 
suf&cient  body.  For  the  production  of  sulphate,  the  chloride  of 
barium  is  first  prepared,  which  is  dissolved  in  a  large  quantity  of 
water,  and  then  precipitated  by  dilute  sulphuric  acid. 

The  Garhonate,  BaCOg,  is  foimd  native  as  witherite,  and  may  be 
formed  artificially  by  precipitating  the  chloride  or  nitrate  with  an 
alkaline  carbonate,  or  carboaate  of  ammonia.  It  is  a  heavy,  white 
powder,  very  sparingly  soluble  in  water,  and  chiefly  useful  in  the 
preparation  of  other  barium  salts. 

Barium  Sulphides. — The  Monosulphide,  BaS,  is  obtained  in  the 
manner  abeady  described  (p.  376)  ;  the  higher  sulphides  may  be 
formed  by  boiling  it  with  sulphur.  Barium  monosrdphide  crystal- 
lises from  a  hot  solution  in  thin,  nearly  colourless  plates,  which 
contain  water,  and  are  not  very  soluble :  they  are  rapidly  altered  by 
the  air.  A  strong  solution  of  this  sulphide  may  be  employed,  as 
already  described,  in  the  preparation  of  barium  hydrate. 


Solutions  of  barium  hydrate,  nitrate,  and  chloride,  are  constantly 
kept  in  the  laboratory  as  chemical  tests,  the  fost  being  employed  to 
effect  the  separation  of  carbonic  acid  from  certain  gaseous  mixtures, 
and  the  two  latter  to  precipitate  sulphuric  acid  from  solution. 

Soluble  barium  salts  are  poisonous,  which  is  not  the  case  with 
those  of  strontium.    For  theii-  reactions,  see  page  387. 


STBONTIUM. 


379 


strontium:. 

Atomic  weight,  87  "6.    Symbol,  Sr. 

The  metal  strontium  may  be  obtained  from  its  oxide  by  means 
similar  to  those  described  in  the  case  of  barium :  'it  is  usually 
described  as  a  white  metal,  heavy,  oxidisable  in  the  air,  and  capable 
of  decomposing  water  at  common  temperatures.  Matthiessen  states, 
however,  that  it  has  a  dark-yellow  colour,  and  specific  gravity  2-54. 
He  prepares  it  by  filling  a  small  crucible  having  a  porous  cell  with 
anhydi-ous  strontium  chloride  mixed  with  some  ammonium  chloride, 
so  that  the  level  of  the  fused  chloride  in  the  cell  is  much  higher 
than  in  the  crucible.  The  negative  pole  placed  in  the  cell  consists 
of  a  very  fine  iron  wire.  The  positive  pole  is  an  iron  cylinder  placed 
in  the  crucible  roimd  the  cell.  The  heat  is  regulated  so  that  a  crust 
forms  in  the  cell,  and  the  metal  collects  under  this  crust. 

Strontium  Monoxide,  or  Strontia,  SrO,  is  best  prepared  by  decom- 
posing the  nitrate  with  aid  of  heat  :  it  resembles  baryta  in  almost 
every  particidar,  forming,  like  that  substance,  a  white  hydrate,  soluble 
in  water.  A  hot  saturated  solution  deposits  crystals  on  cooling, 
which  contain  SrH202.8  aq.  :  heated  to  dull  redness  they  lose  the 
whole  of  their  water,  anhydrous  strontia  being  left.  The  hydrate 
has  a  great  attraction  for  carbonic  acid.  The  Dioxide,  SrOj,  is  pre- 
pared in  the  same  manner  as  barium  dioxide :  it  may  be  substituted 
for  the  latter  in  making  hydrogen  dioxide. 

The  native  carbonate  and  sulphate  of  strontium  serve  for  the 
preparation  of  the  various  salts  by  means  exactly  similar  to  those 
already  described  in  the  case  of  barium  salts  :  they  have  a  very 
feeble  degree  of  solubiLity  in  water. 

Strontium  Chloride,  SrClj,  crystallises  in  colourless  needles  or 
prisms,  which  are  slightly  deliquescent,  and  soluble  in  2  parts  of  cold 
and  a  still  smaller  quantity  of  boiling  water :  they  are  also  soluble 
rn  alcohol,  and  the  solution,  when  kindled,  burns  with  a  crimson 
flanie.  The  crystals  contain  6  molecules  of  water,  which  they  lose 
by  heat :  at  a  higher  temperature  the  chloride  fuses. 

Strontium  Nitrate,  Sr(N03)2,  crystallises  in  anhycbous  octohedrons, 
which  require  for  solution  5  parts  of  cold  and  about  half  their  weight 
ot  boihng  water.  It  is  principaUy  of  value  to  the  pyrotechnist, 
who  employs  it  in  the  composition  of  the  well-known  "  red  fire."* 

The  spectral  phenomena  exhibited  by  strontium  compounds  are 
mentioned  on  page  77. 


Red  Fire:  Grains. 

Dry  strontium  nitrate.  800 

Sulphur,         .       .  225 

Potassium  chlorate,  '  200 

Lampblack,     .       .  59 


Green  Fire:  Grains. 
Dry  barium  nitrate,       .  450 
Sulphur,        .       .       .  l.^iO 
Potassium  chlorate,        .  100 
Lampblack,    ...  25 


The  strontium  or  barium-salt,  the  sulphur,  and  the  lampblack,  must  be 
finely  powdered  and  mtimately  mixed,  after  which  the  potassium  chlorate 
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CALCIUM. 

Atomic  weigM,  40.    Symbol,  Ca. 

Calcium  is  one  of  the  most  abundant  and  widely  diffused  of  the 
metals,  though  it  is  never  found  in  the  free  state.  As  carbonate,  it 
occurs  in  a  great  variety  of  forms,  constituting,  as  limestone,  entire 
mountain  ranges.  Calcium  was  obtained  in  an  impiu'e  state  by 
Davy,  by  means  similar  to  those  adopted  for  the  preparation  of 
barium.  Matthiessen  prepares  the  pure  metal  by  fusing  a  mixture 
of  two  molecules  of  calcium  chloride  and  one  of  strontium  chloride 
with  some  chloride  of  ammonium  in  a  small  porcelain  crucible,  in 
which  an  iron  cylinder  is  placed  as  positive  pole,  and  a  pointed  iron 
wire  or  a  little  rod  of  carbon  connected  with  the  zinc  of  the  battery 
is  made  to  touch  the  sm-face  of  the  liquid.  The  reduced  metal  fuses 
and  drops  off  fi'om  the  point  of  the  iron  wire,  and  the  bead  is  removed 
from  the  liquid  by  a  small  iron  spatula,  Lies-Bodart  and  Gobin 
prepare  calcium  by  ignitiug  the  iodide  Avith  an  equivalent  quantity 
of  sodium  in  an  ii'on  crucible  having  its  lid  screwed  down. 

Calcium  is  a  light  yellow  metal  of  sp.  gr.  1'5778.  It  is  about  as 
hard  as  gold,  very  ductile,  and  may  be  cut,  filed,  or  hammered  out 
into  plates  as  thin  as  the  finest  paper.  It  tarnishes  slowly  in  dry, 
more  quickly  in  damp  air,  decomposes  water  quickly,  and  is  still 
more  rapidly  acted  upon  by  dilute  acids.  Heated  on  platinimi  foil 
over  a  spii-it-lamp,  it  burns  with  a  bright  flash  ;  with  a  brilliant  light 
also  when  heated  in  oxj"gen  or  chlorine  gas,  or  in  vapom*  of  bromine, 
iodine,  or  sulphur. 

Calcium  Chloride,  CaClg,  is  usually  prepared  by  dissolving  marble 
in  hydrochloric  acid  ;  it  is  also  a  bye-product  in  several  chemical 
manufactvrres.  The  salt  separates  from  a  sti'ong  solution  in  colour- 
less, prismatic,  and  exceediugly  deliquescent  crystals,  which  contain 
6  molecules  of  water.  By  heat  this  water  is  expelled,  and  by  a 
temperature  of  strong  ignition  the  salt  is  fused.  The  crystals 
reduced  to  powder  are  employed  in  the  production  of  artificial  cold 
by  being  mixed  with  snow  or  powdered  ice;  and  the  chloride,  strongly 
dried,  or  in  the  fused  state,  is  of  great  use  in  desiccating  gases,  for 
which  purpose  the  latter  are  slowly  transmitted  through  tubes  filled 
with  fi-agments  of  the  salt.  Calcium  chloride  is  also  freely  soluble 
in  alcohol,  which,  when  anhydrous,  forms  with  it  a  definite 
crystallisable  compound. 

Calcium  Fluoride,  Fluor-Spar,  CaFg. — This  substance  is  import- 
ant as  the  most  abundant  natm-al  soiuxe  of  hych-ofluoric  acid  and  the 
other  fluorides.    It  occm-s  beautifully  crystallised,  of  various  colom-s, 

sliould  be  added  in  rather  coarse  powder,  and  mixed,  without  much  rubbing, 
■with  the  other  iugredieuts-  The  red  fii-e  composition  has  been  known  to  ignite 
spontaneously. 


CALCIUM. 


381 


ill  lead- veins,  the  crystals  having  commonly  the  cubic,  but  sometimes 
tlie  octohecbal  form,  parallel  to  the  faces  of  which  latter  ligure  tliey 
always  cleave.  Some  varieties,  when  heated,  emit  a  gi'eenish,  and 
some  a  piu'ple  phosphorescent  light.  The  fluoride  is  quite  insoluble 
in  water,  and  is  decomposed  by  oil  of  Aatriol  in  the  manner  already 
mentioned  (p.  203). 

Calcitun  Oxides. — The  Monoxide  or  Lime,  CaO,  maybe  obtained 
in  a  state  of  considerable  pmity  by  heating  to  full  redness  for  some 
tinie  fi-agments  of  the  black  bituminous  marble  of  Derbyshii-e  or 
Killienny.  If  required  absolutely  pure,  it  must  be  made  by  igniting 
to  whiteness,  in  a  j^latinum  crucible,  an  ai'tificial  calcium  carbonate, 
prepared  by  precipitating  the  nitrate  -with  ammonia  carbonate. 
Lime  in  an  impui-e  state  is  prepared  for  building  and  agricultiu'al 
purposes  by  calcining,  in  a  kiln  of  suitable  construction,  the  ordinary 
limestones  which  abound  in  many  districts  ;  a  red  heat,  continued 
for  some  hours,  is  sufficient  to  disengage  the  whole  of  the  carbonic 
acid.  In  the  best-contiived  Ume-kilns  the  process  is  carried  on  con- 
tinuously, broken  limestone  and  fuel  being  constantly  thi-own  in  at 
the  top,  and  the  burned  Lime  raked  out  at  intervals  from  beneath. 
Sometimes,  when  the  limestone  contaias  silica,  and  the  heat  has 
been  very  high,  the  Lime  refuses  to  slake,  and  is  said  to  be  over- 
burned  ;  in  this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness  :  it  is  quite 
infusible,  and  phosphoresces,  or  emits  a  pale  Light  at  a  high  tempera- 
ture. When  moistened  with  water,  it  slakes  with  gi-eat  violence, 
evolving  heat,  and  crumbling  to  a  soft,  white,  bulky  powder,  which 
is  a  hydrate  containing  a  single  molecule  of  water  :  the  latter  can 
be  again  expelled  by  a  red  heat.  This  hycLrate  or  hydroxide,  QaR^O^ 
or  CaO.HgOjis  soluble  in  water,  but  far  less  so  than  either  the  hydrate 
of  barium  or  of  strontium,  and,  what  is  very  remarkable,  the  colder 
the  water,  the  larger  is  the  quantity  of  the  compoimd  that  is  taken  up. 
A  pint  of  water  at  15-5°  dissolves  about  11  grains,  while  at  100°  only 
7  grains  are  retained  in  solution.  The  hydi-ate  has  been  obtained  in 
thin  delicate  crystals  by  slow  evaporation  under  the  air-pump. 
Lime-water  is  always  prepared  for  chemical  and  pharmaceutical  pur- 
poses by  agitating  cold  water  with  excess  of  calcium  hycLrate  in  a 
closely-stopped  vessel,  and  then,  after  subsidence,  pouring  off  the 
clear  liquid,  and  adding  a  fresh  quantity  of  water,  for  another  opera- 
tion :  there  is  not  the  least  occasion  for  filtering  the  solution.  Lime- 
water  has  a  strong  alkaline  reaction,  a  nauseous  taste,  and  when 
exposed  to  the  air  becomes  almost  instantly  covered  with  a  pelUcle 
of  carbonate,  by  absorption  of  carbonic  acid.  It  is  used,  like 
baryta- water,  as  a  test  for  carbonic  acid,  and  also  in  medicine.  Lime- 
water  prepared  from  some  varieties  of  Limestone  may  contain  potash. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  due 
to  the  gradual  absorption  of  carbonic  acid  ;  but  even  after  a  very 
"reat  length  of  time,  this  conversion  into  carbonate  is  not  complete. 
Mortar  is  known,  under  favourable  circumetances,  to  acquire  extreme' 
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hardness  with  age.  Lime  cements  which  resist  the  actioa  of  water 
contain  iron  oxides,  silica,  and  alumina :  they  require  to  be  carefully 
prejoared,  and  the  stone  not  over-heated.  When  they  are  ground  to 
powder  and  mixed  with  water,  solidification  speedily  ensues,  from 
causes  not  yet  thoroughly  imderstood,  and  the  cement,  once  iu  this 
condition,  is  unaffected  by  wet.  Parker's  or  Eoman  cement  is  made 
in  this  manner  from  the  nodular  masses  of  calcareo-argiUaceous 
ii'onstone  found  in  the  Loudon  clay. 

Lime  is  of  great  importance  ru  agricultiu?e :  it  is  found  more  or 
less  in  every  fertile  soil,  and  is  often  very  advantageously  added 
by  the  cultivator.  The  decay  of  vegetable  fibre  in  the  soil  is  there- 
by promoted,  and  other  important  objects,  as  the  destruction  of 
certain  hurtfid.  compounds  of  ii'on  in  marsh  and  peat  land,  are  often 
attained.  The  addition  of  lime  probably  serves  likevrise  to  liberate 
potassium  fi'om  the  iusoluble  silicate  of  that  base  contained  iu  the 
soil. 

Gcdcium  Dioxide,  CaOj,  is  said  to  resemble  barium  dioxide,  and  to 
be  obtainable  by  treating  lime  with  hydrogen  dioxide. 

Calcium  Sulphate,  CaS04. — Crystalline  native  calcium  sulphate, 
containing  two  molecules  of  water,  is  found  in  considerable  abund- 
ance iu  some  localities  as  gypsum:  it  is  often  associated  with  rock- 
salt.  When  regularly  crystallised,  it  is  teimed  selenite.  Anhydrous 
calcium  sulphate  is  also  occasionally  met  with.  The  salt  is  formed 
by  precipitation,  when  a  moderately  concentrated  solution  of  calcium 
chloride  is  mixed  with  sulphui'ic  acid.  Calcium  sulphate  is  soluble 
in  about  500  parts  of  cold  water,  and  its  solubility  is  a  little  increased 
by  heat.  It  is  more  soluble  in  water  containiag  ammonium  chloride 
or  potassium  niti-ate.  The  solution  is  precipitated  by  alcohol 
Gy^jsum,  or  native  hydrated  calcium  siilphate,  is  largely  employed 
for  the  pm-pose  of  making  casts  of  statues  and  medals,  also  for 
moulds  in  the  porcelain  and  earthenware  manufactures,  and  for  other 
applications.  It  is  exposed  to  heat  iu  an  oven  where  the  temperature 
does  not  exceed  127°,  by  which  the  water  of  crystallisation  is  ex- 
pelled, and  it  is  afterwards  reduced  to  a  iine  powder.  When  mixed 
with  water,  it  solidifies  after  a  short  time,  from  the  re-formation  of 
the  same  hydrate  ;  but  this  effect  does  not  happen  if  the  gypsum 
has  been  over-heated.  It  is  often  called  Plaster  of  Paris.  Artificial 
coloxu'ed  marbles,  or  scagliola,  are  fi'equently  prepared  by  inserting 
pieces  of  natural  stone  in  a  soft  stucco  containing  this  substance,  and 
polisliing  the  surface  when  the  cement  has  become  hard.  Calcium 
sulphate  is  one  of  the  most  common  impurities  of  spring  water. 

The  peculiar  property  water  acquii-es  by  the  presence  of  calcium 
salts  is  termed  hardness.  It  manifests  itself  by  the  effect  such  waters 
have  upon  the  palate,  and  particularly  by  its  pecuhar  behaviour 
vdth  soap.  Hard  water  yields  a  lather  with  soap  only  after  the 
whole  of  the  calcium  salts  have  been  thrown  down  fi'om  the  water 
in  the  form  of  an  iusoluble  lime-soap.  Upon  this  principle  Clark's 
soap-test  for  the  hardness  of  water  is  based-    The  hardness  produced 
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by  calcium  sulphate  is  called  permanent  hardness,  since  it  cannot  be 
remedied. 

Calcium  Carbonate,  Chalk;  Limestone;  Marble;  CaCOj.— Calcium 
cai'bouate,  often  more  or  less  contaminated  with  ii-on  oxide,  clay, 
and  organic  matter,  forms  rocky  beds,  of  immense  extent  and' 
thickness,  in  almost  every  part  of  the  world.  These  present  the 
greatest  diversities  of  textm'e  and  appearance,  arising,  in  a  oreat 
measm-e,  fi'om  changes  to  which  they  have  been  subjected  since 
theii'  deposition.  The  most  ancient  and  highly  crystalline  lime- 
stones are  destitute  of  visible  organic  remains,  while  those  of  more 
recent  origin  are  often  entii-ely  made  up  of  the  shelly  exuvite  of 
once-bving  beings.  Sometimes  these  latter  are  of  such  a  nature  as 
to  show  that  the  animals  inhabited  fresh  water;  marine  species  and 
corals  are,  however,  most  abundant.  Cavities  in  limestone  and 
other  rocks  are  very  often  lined  with  magnificent  crystals  of  calcium 
carbonate  or  calcareous  spar,  which  have  evidently  been  slowly 
deposited  fi-om  a  watery  solution,  Calcium  carbonate  is  always 
precipitated  when  an  alkaline  carbonate  is  mixed  with  a  solution  of 
that  base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water,  it 
is  freely  taken  up  when  carbonic  acid  happens  at  the  same  time  to 
be  present.  If  a  little  lime-water  be  poured  into  a  vessel  of  that 
gas,  the  turbidity  first  produced  disappears  on  agitation,  and  a 
transparent  solution  of  calcium  carbonate  in  excess  of  carbonic  acid 
is  obtained.  This  solution  is  decomposed  completely  by  boiling, 
the  carbonic  acid  being  expelled,  and  the  carbonate  precipitated! 
Smce  all  natural  waters  contain  dissolved  carbonic  acid,  it  is  to  be 
expected  that  calcium  in  this  state  should  be  of  very  common 
occurrence ;  and  such  is  really  found  to  be  the  fact,  river,  and  more 
especially  spring  water,  almost  invariably  containing  calcium 
carbonate  thus  dissolved.  In  limestone  districts,  this  is  often  the 
case  to  a  great  extent.  The  hardness  of  water,  which  is  owino-  to 
the  presence  of  calcium  carbonate,  is  called  temporanj,  since  ft  is 
diminished  to  a  very  considerable  extent  by  boiling,  and  may  be 
nearly  removed  by  mixing  the  hard  water  with  lime-water,  when 
both  the  dissolved  carbonate  and  the  dissolved  lime,  which  thus 
becomes  carbonated,  are  precipitated.  Upon  this  principle  Dr. 
Llark  s  process  of  softening  water  is  based.  This  process  is  of 
considerable  importance,  since  a  supply  of  hard  water  to  towns  is 
m  many  respects  a  source  of  great  inconvenience.  As  already 
mentioned,  the  use  of  such  water,  for  the  purposes  of  washing,  is 
attended  with  a  great  loss  of  soap.  Boilers,  in  which  such  water  is 
aeatecl,  speedily  become  Lined  wtih  a  thick  stony  incrustation.* 

to  prevent  the  formation  of  boiler  de- 
f''^  efficient  appears  to  be  the  metliod  of  Dr.  Ritterband,  which 
coMhsts  m  throwing  into  the  boiler  a  small  quantity  of  sal-ammouiac,  whereby 
carbonate  of  ammonia  is  formed,  which  is  volatilised  with  the  steam,  caloiiuii 
k  «n ii .'^'{'f '^•°f , "1  solution.  It  need  scarcely  be  mentioned  that  this  plan 
IS  mapplicable  m  the  case  of  permanently  hard  waters. 
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The  beautiful  stalactitic  incrustations  of  limestone  caverns,  and  the 
deposit  of  calc  sinter  or  travertin  upon  various  objects,  and  upon 
the  ground,  in  many  places,  are  explained  by  the  soluljility  of 
calcium  carbonate  in  water  containing  carbonic  acid. 

Crystallised  calcium  carbonate  is  dimorphous ;  calc-spar  and 
arragonite,  although  possessing  exactly  the  same  chemical  composi- 
tion, have  different  crystalline  forms, different  densities,  and  different 
optical  properties.  Eose  has  observed  that  calcium  carbonate 
appears  in  the  form  of  calc-spar  when  deposited  from  its  solution  in 
water  containing  carbonic  acid  at  tlie  ordinary  temperature.  At 
90°,  and  on  ebullition,  however,  it  is  chiefly  deposited  in  the  form 
of  arragonite  ;  at  lower  temperatures  the  formation  of  arragonite 
decreases,  whilst  that  of  calc-spar  increases,  the  limit  for  the  formation 
of  the  former  variety  being  between  30°  and  50°. 

Calc-spar  occurs  very  abundantly  in  crystals  derived  from  an 
obtuse  rhombohedron,  whose  angles  measure  105°  5'  and  74°  55'  :  its 
density  varies  from  2'5  to  2'8.  The  rarer  variety,  or  arragonite,  is 
foimd  in  crystals  whose  primary  form  is  a  right  rhombic  prism,  a 
figure  having  no  geometrical  relation  to  the  preceding  :  it  is,  besides, 
heavier  and  harder. 

Calcium  Phosphates. — A  number  of  distinct  calcium  salts  of 
phosphoric  acid  are  known.  .Two  tribasic2JhosphatesoTortho2Jhos2}hates, 
Ca3(P04)2  and  CaH(P04),  are  produced  when  the  corresponding 
sodium  salts  are  added  in  solution  to  calcium  chloride  ;  the  iirst  is 
slightly  crystalline,  and  the  second  gelatinous.  When  the  first 
phosphate  is  digested  with  ammonia,  or  dissolved  in  acid  and  re- 
precipitated  by  that  alkali,  it  is  converted  into  the  second.  The 
earth  of  bones  consists  principally  of  what  appears  to  be  a  com- 
bination of  these  two  salts.  Another  orthophosphate,  CaH4(P04)2, 
is  formed  by  dissolving  either  of  the  preceding  in  phosphoric, 
hydrochloric,  or  nitric  acid,  and  evaporating  imtil  the  salt  sepai-ates 
on  cooling  in  small  j)laty  crystals.  It  is  the  substance  which  yields 
phosjjhorus  when  heated  with  charcoal,  in  the  ordinary  process  of 
manufacture  before  described.  Pyrophosphates  and  Metaphosphates 
of  calcium  also  exist.  These  phosphates,  although  insobible  in 
water,  dissolve  readily  in  dilute  acids,  even  in  acetic  acid.  The 
mineral  apatite  is  chiefly  calcium  phosphate. 

Chloride  of  Lime;  Bleaching  Powder. — When  calcium  hydi-ate, 
very  slightly  moist,  is  exposed  to  chlorine  gas,  the  latter  is  readily 
absorbed,  and  a  compound  produced  which  is  the  bleaching  powder 
of  commerce,  and  is  now  used  on  an  immense  scale,  for  bleaching 
linen  and  cotton  goods.  It  is  reqiiisite,  in  preparing  this  substance, 
to  avoid  all  elevation  of  temperatiire,  wliich  may  be  easily  done  by 
supplying  the  chlorine  slowly  in  the  first  instance.  The  product,- 
when  freshly  and  well  prepared,  is  a  soft,  white  jjowder,  which 
attracts  moisture  from  the  aii',  and  exhales  an  odour  sensibly  different, 
from  that  of  chlorine.    It  is  soluble  in  about  10  parts  of  water,  the. 
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unaltered  hydrate  being  left  behind  :  the  solution  is  highly  alkaline, 
and  bleaches  feebly.  When  calcium  hydi'ate  is  suspended  in  cold 
■svater,  and  chlorine  gas  transmitted  through  the  niixtm-e,  the  lime 
is  gradually  dissolved,  and  the  same  peculiar  bleaching  compound 
produced:  the  alkalis  also,  either  caustic  or  carbonated,  may  by 
similar  means  be  made  to  absorb  a  large  qiiautity  of  chlorine,  and 
give  rise  to  corresponding  compoimds;  such  are  the  "disinfecting 
solutions"  of  Labarraque. 

Tlie  composition  of  bleaching  powder  is  represented  by  the 
formula  CaOCl,,  and  it  was  formerly  supposed  to  be  a  dii'ect 
compomid  of  lime  with  chlorine.  This  view,  however,  is  not 
consistent  with  its  reactions,  for  when  distilled  witli  dilute  nitric 
acid,  it  readily  yields  a  distQlate  of  aqueous  hypochlorous  acid,  and 
when  treated  with  water  it  is  resolved  into  chloride  and  hypochlorite 
of  calcium,  the  latter  of  which  may  be  separated  in  crystals  by 
exposing  the  filtered  solution  to  a  freezing  mixture,  or  by  evaporating 
it  in  a  vacuum  over  oil  of  vitriol,  and  leaving  the  dense  frozen  mass 
to  thaw  upon  a  filter.  A  solution  of  calcium  chloride  mixed  with 
hypochlorite  then  passes  through,  and  feathery  crystals  remain  on 
the  filter,  very  unstable,  but  consisting,  when  recently  prepared,  of 
hydrated  calcium  hypochlorite,  Ca(OCl)2.4H20.*  These  results  seem 
at  fii'st  sight  to  show  that  the  bleaching  powder  is  a  mixture  of  chlo- 
ride and  hypochlorite  of  calcium,  formed  according  to  the  equation, 

2CaO  +  CI4  =  CaCl2  +  CaCl202 ; 

but  if  this  were  its  true  constitirtion,  the  powder,  when  digested 
with  alcohol,  ought  to  yield  a  solution  of  calcium  chloride  contain- 
ing half  the  chlorine  of  the  original  compoimd,  which  is  not  the 
case.    Its  constitution  is  therefore  better  represented  by  the  formula 

<C1 
QQ-j ,  suggested  by  Dr.  Odling,  this  molecule  being  decom- 
posed by  water  into  chloride  and  hypoclilorite  in  the  manner  just 
explained,  and  yielding,  with  dilute  nitric  or  sulphuric  acid,  a  dis- 
tillate containing  hydrochloric  and  hypochlorous  acids  : 

CaC](OCl)  +  2HNO3  =  Ca(N03)2  +  HCl  +  HCIO. 

When  the  temperature  of  the  calcium  hydrate  has  risen  during 
the  absorption  of  the  chlorine,  or  when  the  compound  has  been  sub- 
sequently exposed  to  heat,  its  bleaching  properties  are  impaired  or 
altogether  destroyed :  it  then  contains  chlorate  and  chloride  of  cal- 
cium ;  oxygen,  in  variable  quantity,  is  usually  set  free.  The  same 
change  seems  to  ensue  by  long  keeping,  even  at  the  common  tempe- 
rature of  the  air.  In  an  open  vessel  the  compoimd  is  speedily  decom- 
posed by  the  carbonic  acid  of  the  air.  Commercial  bleaching  powder 
thus  constantly  varies  in  value  with  its  age,  and  with  the  care  origin- 
ally bestowed  upon  its  preparation :  the  best  may  contain  about  30  per 
cent,  of  available  chlorine,  easily  liberated  by  an  acid,  which  is 
however,  far  short  of  the  theoretical  quantity. 

*Kingzett,  Chem.  Soc.  Jovir.  1875,  p'.  404. 
F0WNE8. — VOL.  I.  2  B 
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The  general  method  in  which  this  sulsstance  is  employed  for 
bleaching  is  the  following  :— The  goods  are  first  immersed  in  a 
dilute  solution  of  chloride  of  lime,  and  then  transferred  to  a  vat  con- 
taining dilute  sulphuiic  acid.  Decomposition  ensues  ;  the  calcium 
both  of  the  hypochlorite  and  of  the  chloride  is  converted  into 
sulphate,  while  the  free  hypochlorous  and  hydrochloric  acids  yield 
water  and  free  chlorine  : — 


CaCl202  +  CaCla  +  2H2SO4  =  SCaSO^  +  2HC10  +  2HC1, 


The  chlorine  thus  disengaged  in  contact  with  the  cloth  causes 
destruction  of  the  coloiu'ing  matter.  The  process  is  repeated  several 
times,  since  it  is  imsafe  to  use  strong  solutions. 

On  the  same  principle,  white  patterns  are  imprinted  upon  coloured 
cloth,  the  figures  being  stamped  with  tartaric  acid  thickened  with 
gum-water,  and  then  the  stufl'  immersed  in  the  chlorine  bath,  when 
the  jDarts  to  which  no  acid  has  been  apjjlied  remain  tmaltered,  while 
the  printed  portions  are  bleached. 

For  piirifying  an  offensive  or  infectious  atmo.sphere,  as  an  aid  to 
proper  ventilation,  the  bleaching  powder  is  very  convenient.  The 
solution  is  exposed  in  shallow  vessels,  or  cloths  steeped  in  it  are  sus- 
pended in  the  apartment,  when  the  carbonic  acid  of  the  air  .slowly 
decomposes  it  in  the  manner  above  described.  Addition  of  a  strong 
acid  causes  rapid  disengagement  of  chlorine. 

The  value  of  any  sample  of  bleaching  powder  may  be  easily 
determined  by  the  following  method,  in  which  the  feebly  combined 
cMorine  is  estimated  by  its  efi'ect  in  oxidising  a  ferrous  salt  to  ferric 
salt,  2  molecules  of  ferrous  oxide,  FeO,  requii'ing  for  this  purpose 
2  atoms  of  chlorine:  the  latter  acts  by  decomposing  water  and  liberat- 
ing a  corresponding  quantity  of  oxygen,  78  (more  correctly  78-16) 
grains  of  green  ferrous  sulphate  are  dissolved  in  about  two  oimces  of 
water,  and  acidulated  with  a  few  drops  of  sulphmic  or  hydrochloric 
acid :  this  quantity  will  require  for  oxidation  10  grains  of  chlorine . 
Fifty  grains  of  the  chloride  of  lime  to  be  examined  ai-e  next  rubbed 
up  with  a  little  tepid  water,  and  the  whole  transferred  to  a 
burette  (p.  352),  which  is  then  filled  up  to  0  -ndth  water,  after  which 
the  contents  are  weU  mixed  by  agitation.  The  liquid  is  next  gra- 
dually poured  into  the  solution  of  iron,  with  constant  stir-ring,  imtil 
all  the  iron  is  brought  to  the  state  of  ferric  salt,  which  may  be 
known  by  a  drop  ceasing  to  give  a  deep-blue  precipitate  with  jiotas- 
sium  ferrocyanide.  The  number  of  grain-measm-es  of  the  chloride 
solution  employed  may  tiien  be  read  ofi'  :  since  these  must  contain 
10  grains  of  serviceable  chlorine,  the  quantity  of  the  latter  in  the  50 
grains  may  be  easUy  reckoned.  Thus,  suppose  72  such  measures 
have  been  taken ;  then 


and 


HCIO  +  HCl  =  H2O  +  CI2. 


Measures. 


72 


Grs.  Cliloiine. 
10 


Measures. 
100 


Grs.  Chlorine. 
13-89 
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The  bleaching  powder  contains  therefore  27'78  per  cent.* 

Oalciimi  Sulphides. — The  monosulphide,  CaS,  is  obtained  by 
reducing  the  sulphate  at  a  high  temperatm-e  with  charcoal  or  hydro- 
gen :  it  is  nearly  colourless,  and  but  little  soluble  in  water.  By 
boiling  together  calcium  hydrate,  water,  and  flowers  of  sulphur,  a 
red  solution  is  obtained,  which,  on  cooling,  deposits  crystals  of  the 
bisulphide,  CaS,,  containing  water.  When  the  sulphur  is  in  excess, 
and  the  boiling  long  continued,  a  pentasulphide  is  generated :  thio- 
sulphuric  acid  is  formed  as  usual  during  these  reactions: 

3CaO  +  85  =  2CaS2  +  GaS^O^. 

When  the  yellow  solution  obtained  by  boiling  lime  with  excess  of 
sulphiu'  is  poured  into  an  excess  of  hydrochloric  acid,  sulphur  is 
precipitated  together  with  a  yellow  oily  liquid,  which  is  hydrogen 
persulphide  (p.  207);  but  if  the  acid  be  poured  into  the  solution  of 
calcium  sulphide,  gaseous  hydrogen  sulphide  is  given  off,  and  the 
whole  precipitate  formed  consists  wholly  of  finely  divided  sulphur, 
the  sulphur  precipitatum  of  the  Pharmacopoeia.  If  dilute  sulphuric 
acid  is  used,  the  precipitate  also  contains  gypsum. 

Calcium  Phosphide. — Whenvapour  of  phosphorus  is  passed  over 
fragments  of  lime  heated  to  redness  in  a  porcelain  crucible,  a  cho- 
colate-brown compoimd,  the  so-called  p7iosp7mrei  of  lime,  is  produced. 
This  substance  is  probably  a  mixture  of  calcium  phosphide  and  phos- 
phate. When  thi'own  into  water  it  yields  spontaneously  inflammable 
hydrogen  phosphide.  According  to  Paul  Thenard,  the  calciiim 
phosphide  in  this  compound  has  the  composition  PaCaj.  In  contact 
with  water  it  yields  Hqiud  hydrogen  phosphide,  F^RiXji.  239). 

PaCaa  -f-  2H2O  =  2CaO  +  P2H^: 

and  the  greater  portion  of  this  liquid  phosphide  is  immediately 
decomposed  into  solid  and  gaseous  hycbogen  phosphide  :  5P„H.  = 

P4H2-I-6PH3.  ^        o       i        r  2  4 


_  Reactions  of  the  Alkaline  Earth-metals  in  solution. — Barium,  stron- 
tiiun,  and  calcium  are  thus  distinguished  from  all  other  substances, 
and  from  each  other. 

Caustic  Potash,  when  free  from  carbonate,  and  caustic  ammonia, 
occasion  no  precipitates  in  dilute  solutions  of  the  alkaline  earths, 
especially  of  the  first  two,  the  hydrates  being  soluble  in  water. 

Alkaline  carbonates,  and  carbonate  of  ammonia,  give  white  precipi- 
tates, insoluble  in  excess  of  the  precipitant,  with  all  three. 

Sulphuric  acid,  or  a  sulphate,  added  to  very  dilute  solutions  of  the 
salts  of  these  metals,  gives  an  immediate  white  precipitate  with 
barium  salts  ;  a  similar  precipitate  after  a  short  interval  with  stron- 

*  Graham's  Elements,  vol.  i.  p.  593.  For  other  methotls  see  Watts's 
Dictionary  of  Chemistry,  i.  p,  904. 
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tium  salts  ;  and  occasions  no  change  with  calcium  salts.  The  pre- 
cipitates with  harium  and  strontium  salts  are  insoluhle  in  nitric  acid. 

Solution  of  calciwn  sulphate  gives  an  instantaneous  cloud  Anth 
barium  salts,  and  one  with  .strontium  salts  after  a  little  time. 

Strontium  sulphate  is  itself  sufficiently  soluble  to  occasion 
turbidity  when  mixed  with  barium  chloride. 

Lastly,  the  soluble  oxalates  give,  in  the  mo.st  dilute  solutions  of 
calcium  salts,  a  white  precipitate,  which  is  not  dissolved  by  a  drop 
or  two  of  hydrochloric,  or  by  an  excess  of  acetic  acid.  This  is  an 
exceedingly  characteristic  test. 

The  chlorides  of  strontium  and  calcium  dissolved  in  alcohol,  colour 
the  flame  of  the  latter  red  or  purple  :  harium  salts  communicate  to 
the  flame  a  pale  green  tint, 

Silicofluoric  acid  gives  a  white  precipitate  with  barium  salts, 
none  with  salts  of  strontium  or  calcium. 


APPENDIX  TO  GROUP  I. 

METALS  OF  THE  EARTHS. 

The  metals  belonging  to  this  group  are  beryllium,  yttrium,  erbium, 
lanthanum,  didymium,  cerium,  aluminium,  zirconium,  and  thoi-inum. 
Berylliimi  is  a  dyad ;  yttrium,  erbium,  lanthanum,  didjnnium,  and 
cerium  (in  the  cerous  compounds),  have  hitherto  laeen  regarded  as 
dyads ;  but  recent  observations  have  shown  that  they  are  more  pro- 
bably triads.  Aluminium  is  also  a  triad ;  zirconium  and  thorinum 
are  tetrads.    All  these  metals  form  oxides  of  earthy  chai'acter. 


ALUMINIUM. 

Atomic  weight,  27 '4.    Symbol,  Al. 

This  metal  occurs  very  abundantly  in  nature  in  the  state  of  silicate, 
as  in  felspar  and  its  associated  minerals  ;  also  in  the  various  modi- 
fications of  clay  thence  derived.  It  was  first  isolated  by  Woliler, 
who  obtained  it  as  a  grey  powder  by  decomposmg  aluminium  chloride 
with  potassium;  and  H.  Sainte-Claire  Deville,  by  an  imj^roved 
process  founded  on  the  same  principle,  has  succeeded  in  obtainiug 
it  in  the  compact  form  aud  oa  the  manufactiu'ing  scale.  The  process 
consists  in  decomposing  the  double  chloride  of  alimiinium  and 
sodium,  AlCl3.NaCl,  by  heating  it  with  metallic  sodium,  fluor-sj^ar 
or  cryolite  being  added  as  a  flux.  The  reduction  is  effected  in 
crucibles,  or  on  the  large  scale  on  the  hearth  of  a  reverberatory 
furnace.  Sodium  is  used  as  the  reducing  agent  in  preference  to 
potassium :  first,  because  it  is  more  easily  prepared  ;  and,  secondly, 
because  it  has  a  lower  atomic  weight,  and,  consequently,  a  smaller ' 
quantity  of  it  suffices  to  do  the  same  amount  of  chemical  work. 

Aluminium  is  also  prepared  directly  fi-om  cryolite  by  reduction 
with  sodium,  but  the  metal  thus  obtained  is  said  to  be  more  con- 
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taminated  with  iron  and  silicium  than  that  prepared  "by  Deville's 
process. 

Ahiminium  is  remarkable  for  its  low  specific  gravity,  which  is  2"6  : 
it  is  nearly  as  wliite  as  silver,  and  is  capable  of  assuming  a  high 
polisli.  It  is  employed  in  the  manufacture  of  delicate  apparatus  and 
ornamental  articles.  Some  of  the  alloys  of  aluminium  promise  to 
become  more  generally  applicable,  more  especially  the  alloy  with 
copper,  which  is  remarkable  for  being  smiilarin  appearance  to  gold: 
this  alloy  is  foimd  in  commerce  under  the  name  of  aluminium  bronze, 

Aluminium  forms  only  one  class  of  compounds,  in  which  it  is 
trivalent,  one  atom  of  the  metal  being  equivalent  to  three  atoms  of 
hydi'ogen  ;  thus  the  chloride  is  AICI3,  the  oxide,  AI2O3,  &c. 

Aluminium  Chloride,  AICI3 — This  compound  is  obtained  in  solu- 
tion by  dissolving  alumina  or  aluminium  hydrate  in  hydrochloric  acid; 
but  the  solution,  when  evaporated,  gives  olf  hydrocliloric  acid  and 
leaves  alumina.  The  anhydrous  chloride  may  be  prepared  by  heating 
a  mixture  of  alumina  and  finely  divided  carbon  in  chlorine  gas. 

Pure  precipitated  alumiua  is  dried  and  mixed  with  oil  and  lamp- 
black, and  the  mixture,  after  being  strongly  calcined  in  a  covered 
crucible,  is  introduced  into  a  porcelain  tube  or  tubulated  earthen 
retort  placed  in  a  furnace,  and  connected  at  one  end  with  an 
appai-atus  for  evolving  chlorine,  and  at  the  other  -with  a  dry  receiver. 
On  raising  the  heat  to  bright  redness,  and  passing  chlorine  through 
the  apparatus,  aluminium  chloride  distils  over,  together  with  carbon 
monoxide,  and  condenses  as  a  solid  mass  ia  the  receiver  : 

AI2O3  -I-  C3  +  Clfl  =  2AICI3  -t-.  300. 

Aluminium  chloride  is  a  transparent  waxy  substance,  having  a  crys- 
talline structure,  colourless  when  pure,  but  generally  exhibiting  a 
yellow  colour,  due  perhaps  to  the  presence  of  u-on  It  boils  at  about 
180°,  fumes  in  the  air,  and  smells  of  hycbochloric  acid.  It  is  very 
deliquescent,  and  dissolves  readily  in  water  ;  the  solution  when  left 
to  evaporate  yields  the  hydrated  chloride,  AlClg.GHgO,  in  six-sided 
prisms,  which  when  heated  are  resolved  into  alumina  and  hydro- 
chloric acid. 

Aluminium,  and  Sodium  Chloride,  AlCla.NaCl,  is  obtained  by  melt- 
ing together  the  component  chlorides  in  proper  proportions,  or  by 
adding  the  requisite  quantity  of  sodium  chloride  to  the  mixture  of 
alumma  and  charcoal  used  for  the  preparation  of  aluminium  chloride. 
Igniting  the  mass  in  chlorine  or  hydi'ochloric  acid,  and  condensing 
the  vapour  in  a  receiver.  It  is  a  crystalhne  mass,  less  deliquescent 
than  aluminium  chloride,  and,  therefore,  more  convenient  for  the 
preparation  of  aluminium. 

Aluminum  Fluoride,  AIF3,  is  produced  by  the  action  of  gaseous 
silicon  fluoride  on  aluminium,  and  forms  cubic  crystals,  volatilising 
at  a  red  heat,  insoluble  in  water,  and  resisting  the  action  of  all  acids. 

Alurmnium  and  Sodium  Fluoride,  AlFj.SNaF,  occurs  abundantly 
as  cryolite,  at  Evigtok  in  Greenland,  and  is  prepared  artificially  by 
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pouring  hydrofluoric  acid  in  excefss  on  a  mixtui-e  of  calcined 
alumina  and  sodium  carbonate.  Cryolite  forms  quadratic  crystals, 
colourless,  transparent,  softer  than  felspar,  and  of  specific  gravity 
2-96.  It  is  used,  as  already  mentioned,  for  the  preparation  of 
aluminium,  and  in  Germany  for  the  manufacture  of  soda  for  the  use 
of  soap-boilers. 

Aluminium  Oxide. — Alumina,  AljOg. — This  substance  is  in- 
ferred to  be  a  sesquioxide  from  its  isomorphism  with  ferric  oxide.  It  is 
prepared  by  mixing  a  solution  of  alum  with  excess  of  ammonia,  by 
which  an  extremely  bulky,  white,  gelatinous  precipitate  of  alu- 
minium hydrate  is  thrown  down.  This  is  washed,  dried,  and  ignited 
to  whiteness.  Thus  obtained,  alumina  constitutes  a  white,  tasteless, 
coherent  mass,  very  little  acted  upon  by  acids.  It  is  fusible  before 
the  oxy-hydrogen  blowpipe.  The  mineral  called  corundtim,  of 
which  the  ruby  and  sapphii-e  are  transparent  varieties,  consists  of 
nearly  pure  alumina  in  a  cystallised  state,  with  a  little  colouring 
oxide  :  emery,  used  for  polishing  glass  and  metals,  is  a  coarse  variety 
of  corundum.  Alumina  is  a  very  feeble  base,  and  its  salts  have 
often  an  acid  reaction. 

Aluminium  Hydrates. — Aluminium  forms  thi'ee  hydrates; 
namely  : — 

Monohydrate,        .       .    AlHO,    or  AljOg . 
Dihydrate,     .       .       .    AljH^Og  or  Ar,03  .  2H^0 
Tiihydrate,    .       .       .    AIH3O3  or  AljOs  .  3H2O . 

The  monohydrate  is  foimd  native,  as  diaspore,  in  translucent  masses 
which  crumble  to  powder  when  heated,  and  give  oft'  the  whole  of 
their  water  at  360°. 

The  trihydrate  is  the  ordinary  gelatinous  precipitate  obtained  by 
treating  solutions  of  aluminium-salts — alum,  for  example — with 
ammonia  or  alkaline  carbonates.  When  dried  at  a  moderate  heat, 
it  forms  a  soft  friable  mass,  which  adheres  to  the  tongue  and  forms 
a  stiff  paste  with  water,  but  does  not  dissolve  in  that  Liquid.  At 
a  strong  red  heat,  it  gives  off  water,  and  undergoes  a  very  great 
contraction  of  volume.  It  dissolves  with  great  facility  in  acids,  and 
in  the  fixed  caustic  alkalis.  When  a  solution  of  alumina  in  caustic 
potash  is  exposed  to  the  air,  the  potash  absorbs  carbonic  acid,  and  the 
aluminium  triliydrate  is  then  deposited  in  white  crystals,  which  axe 
but  sparingly  soluble  in  acids. 

Aluminium  trihydrate  has  a  very  powerful  attraction  for  organic 
matter,  and  when  digested  in  solutions  of  vegetable  coloiu'ing  matter, 
combines  with  and  carries  down  the  coloming  matter,  which  is  thus 
removed  entirely  from  the  liquid  if  the  alumiuo  is  in  siiflicient 
quantity.  The  pigments  called  lakes  are  compounds  of  this  natm-e. 
The  fibre  of  cotton  impregnated  with  alumina  acquires  the  same 
power  of  retaining  colom-ing  matters  :  hence  the  great  use  of 
aluminous  salts  as  mordants  to  produce  fast  colours. 

Ahmiiaium  trihydrate  occurs  native  as  Gibbsite,  a  stalactitic, 
translucent,  fibrous  mineral,  easily  dissolved  by  acids. 
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Dihydrate.—Wiien  a  dilute  solution  of  alumiiiium  (liacetate  is 
exposed  for  several  days  to  a  temperature  of  100°  in  a  close  vessel, 
the  acetic  acid  appears  to  be  set  free,  although  no  precipitation  of 
alumina^  takes  place.  The  liquid  acquires  the  taste  of  acetic  acid, 
and  if  afterwards  boiled  in  an  open  vessel,  gives  off  nearly  the  whole 
of  its  acetic  acid,  the  alumina,  nevertheless,  remaining  in  solution. 
This  solution  is  coagulated  by  mineral  acids  and  by  niost  vegetable 
acids,_  by  alkalis,  and  by  decoctions  of  dye-woods.  The  alumina 
contained  in  it  is,  however,  no  longer  capable  of  acting  as  a  mordant. 
Its  coagulum  -with  dye-woods  has  the  colour  of  the  infusion,  but  is 
translucent  and  totally  difi'erent  from  the  dense  opaque  lakes  which 
ordinary  alumina  forms  wdth  the  same  coloimng  matters.  On 
evaporating  the  solution  to  drynes.s  at  100°,  the  alumina  remains  in 
the  forni  of  dihydrate,  retaining  only  a  trace  of  acetic  acid.  In  this 
state  it  is  insoluble  in  the  .stronger  acids,  but  soluble  in  acetic  acid, 
provided  it  has  not  been  previously  coagulated  in  the  manner  just 
mentioned.    Boiling  potash  converts  it  into  the  trihydi-ate.* 

Almninates.— The  hycbogen  in  aluminium  trihydrate  may  be 
replaced  by  an  equivalent  quantity  of  various  metnls;  such  com- 
poimds  are  called  aluminates.  According  to  Fremy,  a  solution  of 
alumina  in  potash  slowly  evaporated,  out  of  contact  with  the  air, 
deposits  granular  crystals  ot  potassium  aluminate,  AIKO2,  or 
AI2O3.K2O.  Similar  compounds  occur  native  ;  thus  S^nnell  is  an 
aluminate  of  magnesium,  AlgMgO^ ;  Gahnite,  an  aluminate  of  zinc, 
AljZnO^. 

Aluminium  SulpMde,  AI2S,.— When  the  vapour  of  carbon 
bisulphide  is  passed  over  alumina,  at  a  bright  red  heat,  a  glassy 
melted  mass  remains,  which  is  instantly  decomposed  by  water,  with 
evolution  of  sulphuretted  hydrogen. 

,07^-^''°^^'^'^  Sulphate,  Al2(SO,i)3.18H20,  or  AUOg.SSO,. 
IbtL./J.—L  repared  by  saturating  dilute  sulphmic  acid  with  aluminium 
hydrate,  and  evaporating  ;  or,  on  the  large  scale,  by  heating  clay 
with  sulphimc  acid.  It  crystallises  in  tliin  pearly  plates,  soluble  in 
2  parts  of  water  :  it  has  a  sweet  and  astringent  taste,  and  an  acid 
reaction.  Heated  to  redness,  it  is  decomposed,  leaving  pure  alumina. 
1  wo  other  aluminium  sulphates,  with  excess  of  "base,  are  also 
described,  one  of  which  is  insoluble  in  water. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium, 
sodium,  and  anmionium,  and  the  other  alkali-metals,  fomiing 
double  salts  of  great  interest,  the  alums.  Common  alum,  the  source 
ot  all  the  preparations  of  alumina,  contains  A1K(S04)2. 12HoO .  It  is 
manulactured  on  a  very  large  scale  from  a  kind  of  slaty  clay  loaded 
with  n-on  bisulphide,  which  abounds  in  certain  localities.  This  is 
gently  roasted,  and  then  exposed  to  the  air  in  a  moistened  state; 
oxvgen  IS  absorbed;  the  sulphur  becomes  acidified  ;  ferrous  sulphate 
and  alumimum  sulphate  are  produced,  and  afterwards  separated  by 

•Walter  Crura,  Cliem.  Soc.  Joura.  vi.  225. 
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lixiviation  witli  water.  Tlie  solution  is  next  concentrated,  and  mixed 
with  a  quantity  of  potassium  chloride,  which  decomposes  the  iron- 
salt,  forming  ferrous  chloride  and  potassium  sulphate  :  the  latter 
combines  with  the  aluminium  sulphate  to  form  alum.  By  crystal- 
lisation the  alum  is  separated  from  the  highly  soluble  iron  chloride, 
and  afterwards  easily  purified  by  a  repetition  of  the  process.  Other 
methods  of  alum  makmg  are  sometimes  employed. 

Potassium-alum  crystallises  in  colourless,  transparent  octohedrons 
which  often  exhibit  the  faces  of  the  cube.  It  has  a  sweetish  and 
astringent  taste,  reddens  litmus-paper,  and  dissolves  in  18  parts  of 
water  at  15'5°,  and  in  its  own  weight  of  boiling  water.  Exposed  to 
heat,  it  is  easily  rendered  anhydrous,  and  by  a  very  high  temperature 
it  is  .decomposed.  The  crystals  have  little  tendency  to  change  in  the 
air.  Alum  is  largely  used  hi  the  arts,  in  preparing  skins,  dyeing, 
&c.:  it  is  occasionally  contaminated  with  iron  oxide,  which  interferes 
with  some  of  its  applications.  The  celebrated  Roman  alum,  made 
from  alum-stone,  a  felspathic  rock  altered  by  sulphurous  vapours', 
was  once  much  prized  oa  account  of  its  freedom  from  this  impurity. 
A  mixture  of  dried  alum  and  sugar,  carbonised  in  an  open  pan,  and 
then  heated  to  redness  in  a  glass  flask,  contact  with  air  being  avoided, 
furnishes  the  Homberg's  'pyrophorus,  which  ignites  spontaneously  on 
exposure  to  the  air.  The  essential  ingredient  is,  in  all  probability, 
finely  divided  potassium  sulphide. 

A  process  has  lately  been  patented  by  Messrs.  Dimcan  and 
Newlands  for  separating  the  potash  from  syrups  of  beet  and  cane 
sugar  by  means  of  aluminium  sulphate,  the  potash  being  thereby 
precipitated  in  the  form  of  alum.  A  solution  of  aluminiiim  sulphate 
of  a  density  correspondmg  with  about  27°  of  Baume's  hydrometer  is 
added  to  the  cold  syrup  havijig  a  density  of  about  36°  B.,  in  quantity 
sufficient  to  precipitate  the  whole  of  the  potash  present ;  the  mixtiu-e 
is  well  stirred  for  fifteen  minutes  to  an  hour ;  and  the  whole  left  at 
rest  for  four  or  five  hours  till  the  deposit  has  completely  subsided. 
This  deposit  consists  of  small  crystals,  technically  knoMm  as  "alum 
meal."  Considerable  quantities  of  alum  are  now  made  by  this  process. 

Sodium-ahmn,  in  which  sulphate  of  sodium  replaces  sulphate  of 
potassium,  has  a  form  and  constitution  similar  to  that  of  common 
alum :  it  is,  however,  much  more  soluble,  and  diflicult  to  crystallise. 

Ammonium-alum,  containing  NH^  instead  of  K,  very  closely 
resembles  common  potassium  alum,  having  the  same  figure, 
appearance,  and  constitution,  and  nearlj'-  the  same  degree  of  solubility 
as  that  substance.  It  is  manufactured  for  commercial  use.  As  the 
value  of  potassium  salts  is  continually  increasing,  ammonium-alum, 
which  may  be  used  in  dyeing  with  the  same  advantage  as  the  corre- 
sponding potassium  salt,  has  almost  entirely  replaced  the  potassium- 
alum.  When  heated  to  redness,  ammonium-alum  jdelds  piu-e  alumina. 

Gcesium-ahim,  AlCs(S04)2. 1 2H2O,  and  Rubidium-alum;  AlEb(S04)2- 
I2H2O,  resemble  potassium  alum.  A  silver-alum,  AlAg(S04)2.  ISHoO. 
is  formed  by  heating  equivalent  quantities  of  argentic  and  aluminium 
sulphates  tiU  the  former  is  dissolved.    It  crystallises  in  regular 
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octoliedrons,  and  is  resolved  by  water  into  its  component  salts. 
There  is  also  a  thallium  cilwn,  AiTh.{SiO^).2.l2}l20,  wliicli  crystaUises 
in  regular  octohedrons. 

Lastly,  there  are  alums  isomorphous  with  those  just  described, 
in  which  the  trivalent  aluminium  is  replaced  by  trivalent  iron, 
chromium,  and  manganese :  for  example,  potassio-fenlc  sulphate  or 
potassium -iron  alum,  FeK(S0^)9.12H,0;  ammonio-chromic  sulphate, 
Cr(NH,)(S04),,.12H20.    These  Will  be  described  further  on. 

Few  other  aluminium  salts  present  especial  interest,  except  the 
silicates  ;  but  these  latter  are  of  great  importance.    Silicates  of 
aluminium  enter  into  the  composition  of  a  number  of  crys- 
taUised  minerals,  among  which  felspar,  by  reason  of  its  abundant 
occurrence,  occupies  a  prominent  place.  Granite,  porphyry,  trachyte, 
and  other  ancient  unstratiiied  rocks,  consist  in  great  part  of  this 
mineral,  which,  under  i^eculiar  circumstances,  by  no  means  well 
understood,  and  particularly  by  the  action  of  the  carbonic  acid  of 
the  air,  sutlers  complete  decomposition,  being  converted  into  a  soft, 
friable  mass  of  earthy  matter.    This  is  the  origin  of  clay  :  the  change 
itseK  is  seen  in  great  perfection  in  certain  districts  of  Devonshire 
and  Cornwall,  the  felspar  of  the  fine  white  granite  of  those  localities 
being  often  disintegrated  to  a  great  depth,  and  the  rock  altered  to  a 
substance  resembling  soft  mortar.    By  washing,  this  finely  dividecl 
matter  is  separated  from  the  quartz  and  mica ;  and  the  milk-like 
.licj[uid,  being  stored  up  in  tanks,  deposits  the  suspended  clay,  which 
is  afterwards  dried,  fii-st  in  the  aii-,  and  afterwards  in  a  stove,  and 
employed  in  the  manufacture  of  porcelain.     The  composition 
assigned  to  iinaltered  felspar  is  AlKSigOg,  or  AlKSi04.2Si02,  or 
AlaOg.KjO.eSiOg.    The  exact  nature  of  the  change  by  which  felspar 
passes  into  porcelain  clay  is  unknown,  although  it  evidently  consists 
in  the  abstraction  of  silica  and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  produced 
is  coloured.  The  diflerent  varieties  of  shale  and  slate  result  fi-om 
the  alteration  of  ancient  clay-beds,  apparently  in  many  instances  by 
the  infiltration  of  water  holding  silica  in  solution  :  the  dark  appear- 
ance of  some  of  these  deposits  is  due  to  bituminous  matter. 

It  is  a  common  mistake  to  confound  clay  with  alumina :  all  clays  are 
essentially  silicates  of  that  base ;  they  often  vary  a  good  deal  in  com- 
position. Dilute  acids  exert  little  action  on  these  compounds  ;  but  by 
boiling  \vith  oil  of  vitriol,  alumina  is  dissolved  out,  and  finely  divided 
siKca  left  behind.  Clays  containing  an  admixture  of  calcium  carbo- 
nate are  termed  marls,  and  are  recognised  by  efl'ervescing  with  acids. 

A  basic  aluminium  silicate,  AlgOg.SiOa,  is  found  crystallised,  con- 
stitutmg  the  beautiful  mineral  called  cyanite.  The  compounds 
formed  by  the  union  of  tlie  aluminium  silicates  with  other  silicates 
are  alnio.st  mnumerable.  A  sodium  felspar,  albile,  containing  that 
metal  m  place  of  potassium,  is  known,  and  there  are  two  soniewhat 
similar  lithium  compounds,  spodtmsne  and  petalile.  The  ^^eolites 
are  hydrated  silicates  belonging  to  this  class  ;  analcime,  nephcline, 
iMsotype,  &c.,  are  double  silicates  of  sodium  and  aluminium,  with 
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water  of  crystallisation.  Stilbite,  heulandite,  lavmontite,  prehnite, 
&c.,  consist  of  calcium  silicate  combined  with  silicate  of  aluminium. 
The  garnets,  axinite,  mica,  &c.,  have  a  similar  composition,  but  are 
anhydrous.  Iron  sesquioxide  is  very  often  substituted  for  aliimina 
in  these  minerals. 


Salts  of  aluminium,  when  moistened  with  cobalt  nitrate  and  heated 
before  the  blowpipe,  assume  a  characteristic  blue  colour. 

Alumina,  when  in  solution,  is  distinguished  without  difiiculty. 
Caustic  2Mtash  and  soda  occasion  a  white  gelatinous  precipitate  of 
aluminium  hydi'ate,  freely  soluble  in  excess  of  the  alkali.  Ammonia 
produces  a  similar  precipitate,  insoluble  in  excess  of  the  reagent. 
The  allcaline  carbonates  and  carbonate  of  ammonia  precipitate  the 
hydrate,  with  escape  of  carbonic  acid.  The  precipitates  are 
insoluble  in  excess. 

Ammonium  sulphide  also  produces  a  white  precipitate  of 
aluminium  hydrate. 


BERYLLIUM,  or  GLTJCINTJM. 

Atomic  weight,  9-4.    Symbol,  Be. 

This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone  as  in 
phenacite,  or  associated  with  other  silicates,  in  beryl,  emerald, 
euclase,  leucophane,  helvite,  and  several  varieties  of  gadoliaite;  also 
as  an  aluminate  in  chrysoberyl  or  cymophane. 

Metallic  beryllium  is  obtained  by  passing  the  vapour  of  the 
chloride  over  melted  sodium.  It  is  a  white  metal  of  specific  gravity 
2-1  ;  it  may  be  forged  and  roUed  iuto  sheets  like  gold  ;  its  melting 
point  is  below  that  of  silver.  It  does  not  decompose  water  at  the 
boiling  heat.  Sulphuric  and  hydrochloric  acids  dissolve  it,  -R-ith 
evolution  of  hydrogen. 

Beryllium  forms  but  one  class  of  compounds,  and  there  is  con- 
siderable doubt  as  to  its  atomic  weight  and  equivalent  value.  On 
the  one  hand,  it  is  regarded  as  a  dyad,  like  calcium  and  magnesium, 
with  the  atomic  weight  9-4,  its  chloride  being  BeCl,,  its  oxide,  BeO  ; 
on  the  other  hand,  as  a  triad,  like  aluminium,  on  which  sup|X)sition 
its  chloride  would  be  BeClg,  its  oxide  BcgOg,  and  its  atomic  weight 
14 ;  but  the  former  view  appears,  on  the  whole,  to  be  most  in 
accordance  with  observed  facts. 

Beryllium  Chloride,  BeClg  is  formed  by  heating  the  metal  ia 
chlorine  or  hydrochloric  acid  gas,  or  by  the  action  of  aqueous 
hydrochloric  acid  on  the  metal  or  its  oxide. 

The  anhydrous  chloride  is  prepared  by  passing  chlorine  over  an 
ignited  mixture  of  beryllia  and  charcoal.  It  is  less  volatile  than- 
aluminium  chloride,  very  deliquescent,  and  easily  soluble  in  water. 

Beryllium  Oxide.— Beryllia,  BeO. — This  earth  may  be  prepared 
from  beryl,  or  either  of  the  other  beryllium  silicates,  by  fusing  the 
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liiielj  poimdecl  mineral  with  potassium  carbonate  or  quicklime ; 
treating  the  fused  mass  with  hydrochloric  acid ;  evaporating  to 
ihyness  ;  _  then  moistening  the  residue  with  hydrochloric  acidj^d 
treatmg  It  with  water,  whereby  everything  is  dissolved  except  the 
sihca.  The  filtered  Kquid  is  then  mixed  with  excess  of  ammonia 
solution,  which  throws  down  a  bulky  precipitate  containing  both 
alumina  and  beryUia;  this  precipitate  is  weU  washed,  and  the 
beryUia  is  dissolved  out  from  the  alumina  by  digestion  in  a  cold 
strong  solution  of  ammoniiuu  carbonate.  The  liquid  is«agaiu  filtered 
and  on  boiling  it,  beryllium  carbonate  is  deposited  as  a  white  powder' 
which,  when  ignited,  leaves  pure  beryllia. 

Beryllia  is  very  much  like  alumina  in  physical  characters,  and 
lui-ther  resembles  that  substance  in  being  readily  dissolved  by  caustic 
potash  or  soda  ;  but  it  is  distinguished  from  alumina  by  its  solubility, 
when  recently  precipitated,  in  a  cold  solution  of  ammonium  car- 
Ijonate.  Beryllium  salts  have  a  sweet  taste,  whence  the  former  name 
ol  the  metal,  glucinum  (from  y7.vy.i>s).  They  are  colourless,  and  are 
distmguished  from  those  of  aluminium  by  not  yielding  an  alum  with 
potassium  sulphate,  nor  a  blue  colour  when  heated  before  the  blow- 
pipe with  cobalt  nitrate  ;  also  by  their  reaction  with  ammonium 
carbonate. 


ZIBCONITJM. 

Atomic  weight,  89-6.    Symbol,  Zr. 

This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties 
between  alumimum  and  silicium.  Its  oxide,  zirconia,  was  first 
obtamed  by  Klaproth,  in  1789,  fi-om  ziixon,  which  is  a  silicate  of 
zirconium.  It  has  since  been  found  in  fergusonite,  eudialyte,  and 
two  or  three  other  rare  minerals. 

Zirconium  like  silicon,  is  capable  of  existing  in  three  different 
states  amorphous,  cystalline,  and  graphitoidal.  The  amorphous  and 
crystamne  varieties  are  obtained  by  processes  similar  to  those 
described  for  preparing  the  corresponding  modifications  of  siUcium  : 
graphitoidal  zirconium  was  obtamed,  by  Troost,  in  attempting  to 
decompose  sodium  zirconate  with  iron,  in  light  scales  of  a  steel-grey 
CO  our  Amorphous  zirconium  when  heated  in  the  air  takes  fire  at 
a  heat  somewhat  below  redness,  and  burns  with  a  bright  light 
torrmng  zirconia.  Crystalline  zirconium  forms  very  haid  brittle 
scales  resembling  antimony  in  colour  and  lustre ;  it  burns  in  the  air 
.  ■  -"^       oxy-hydrogen  blowpipe,  but  takes  fire  at  a 

rea  neat  m  dilonne  gas.  Zirconium  is  but  little  attacked  by  the 
:wS:?tUj?n.'''"'^"™  acid  dissolves  it  readily,  with 

_  Zirconium  Oxide,  or  Zirconia,  ZrO,,  is  prepared  by  strongly  ignit- 
ing zucon  (zirconium  silicate),  with  four  times  its  weight  of  dry  so.lium 
carbonate  and  a  smaU  quantity  of  sodium  hydi-ate.    The  sUica  18 
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separated  from  tlie  fused  mass  by  hydrochloric  acid,  as  descrihed  iu 
the  case  of  beryllia ;  the  resulting  solution  is  treated  with  ammonia, 
which  throws  down  zii'conia  generally  mixed  with  ferric  oxide  ;  the 
precipitate  is  redissolved  in  hydrochloric  acid  ;  and  the  solution  is 
boiled  with  excess  of  sodium  thiosulphate  as  long  as  sulphurous  acid 
continues  to  escape,  whereby  pure  zii-conia  is  precipitated,  the  whole 
of  the  iron  remaining  in  the  solution.  Zirconia  thus  obtained  forms 
a  white  powder,  or  hard  lumps,  of  specific  gra^dty  4-35  to  4-9.  By 
fusing  it  with  borax  in  a  pottery  furnace  and  dissolving  out  the 
soluble  salts  with  hydrochloric  acid,  zirconia  is  obtained  in  smaU 
quadratic  prisms  isomorphous  with  the  native  oxides  of  tin  and 
titaniimi. 

Zirconium  hycbates  are  obtained  by  precipitating  the  solution  of 
a  zirconium  salt  with  ammonia  ;  the  precipitate  contains  ZrH203= 
ZrOg.HgO,  or  ZvRfi^=ZT02.2B.20,  according  to  the  temperature 
at  whicli  it  is  dried. 

Zirconia  acts  both  as  a  base  and  as  an  acid.  After  ignition  it  is 
insoluble  in  all  acids  except  hydrofluoric  and  very  strong  sulphuric 
acid,  but  the  hydrate  dissolves  easily  in  acids,  forming  the  zirconium 
salts  ;  the  normal  sulphate  has  the  composition  Zr(S0j)2,  or 
ZrOo.aSOg. 

Compounds  of  zu-conia  with  the  stronger  bases,  called  zirconates, 
are  obtained  by  precipitating  a  zirconium  salt  with  potash  or  soda, 
or  by  ignitiua  zirconia  with  an  alkaline  hydrate.  Potassium 
zirconate  dissolves  completely  in  water.  Three  sodium  zirconates 
have  been  formed,  containing  Na,Zr03=Na20.Zr02  ;  Na^Zr04= 
2Na20.Zr02 ;  and  Na2Zr80i7=Na20'8Zr02. 

Zirconium  Fluoride,  ZrF^.— This  compoimd  is  obtained  by  dis- 
solving zirconia,  or  the  hydi-ate,  in  hydrofluoric  acid  ;  or  in  the  anhy- 
drous state,  by  igniting  zirconia  with  ammonium  and  hydrogen  fluoride 
tiU  all  the  ammonium  fluoride  is  driven  off.  It  unites  with  other 
metallic  fluorides,  forming  double ■  salts,  called  zircofluorides  or 
fluo zirconates,  which  are  isomorphous  with,  the  corresponding 
silicofluorides,  stannofluorides,  and  titauofluorides,  and  are  mostly 
represented  by  the  formulce — 

4MF.ZrF^;    SMF.ZrF^;    2MF.ZrF^;  MF.ZrF^, 
in  which  M  denotes  a  monad  metal.    The  sodiiun  salt,  however,  has 
the  composition  SNaF.SZrF^. 


THORINUM,  or  THORIUM. 

Atomic  weight,  231'5.    Symbol,  Th. 

This  very  rare  metal  was  discovered  in  1828  by  Berzelius,  in 
thorite,  a  mineral  from  the  Norwegian  island  Lovon,  in  which  it 
exists  as  a  silicate.  It  has  since  been  found  in  euxenite,  pyrochlore, 
and  a  few  other  minerals,  all  very  scarce. 


THOEINUM,  OR  THORIUM. 
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Metallic  tliorinum  is  obtained  by  reducing  the  chloride  with 
potassium  or  sodium,  as  a  grey  powder,  which  acquires  metallic  lustre 
by  pressure,  and  has  a  density  of  7"66  to  7'9.  It  is  not  oxidised  by 
water,  dissolves  easily  in  nitric,  slowly  in  hydrochloric  acid,  and  is 
not  attacked  by  caustic  alkalis. 

Thorinum  forms  but  one  class  of  compoimds,  in  all  of  which  it  is 
quadrivalent. 

Tliorinum  Oxide,  or  Thorina,  ThOg,  is  prepared  by  decomposing 
thorite  with  hydrocliloric  acid,  separating  the  silica  in  the  usual 
way,  treating  the  filtered  solution  with  hydrogen  sulphide  to  separate 
lead  and  tin,  and  precipitating  the  thorina  by  ammonia,  together  with 
small  quantities  of  the  oxides  of  iron,  manganese,  and  lu-anium.  To 
get  rid  of  these,  the  precipitate  is  redissolved  in  hydrochloric  acid, 
and  the  hot  saturated  solution  is  boiled  with  a  solution  of  neutral 
potassiimi  sidphate.  The  thorinum  is  thereby  precipitated  as 
thorinum  and  potassium  sulphate ;  and  from  the  solution  of  this 
salt  in  hot  water,  the  thorinum  is  precipitated  by  alkalis  as  a  hydrate, 
which,  on  ignition,  yields  pm-e  thorina. 

Thorina  is  white,  and  very  heavy,  its  specific  gravity  being  9-402. 
After  ignition  it  is  insoluble  in  nitric  and  hydrochloric  acids,  and 
dissolves  in  strong  sulphuric  acid  only  after  prolonged  heating. 
The  hydrate,  prcipitated  from  thorinum  salts  by  alkalis,  dissolves 
easily  in  acids. 

Tliorinum  Chloride,  ThCL,  prepared  by  igniting  an  intimate 
mixture  of  thorina  and  charcoal  in  chlorine  gas,  sublimes  in  white 
shining  crystals.  It  forms  double  salts  with  the  chlorides  of  the 
alkali-metals. 

_  Thorinum  Sulphate,  Th(S04)2,  crystallises  with  various  quanti- 
ties ol  water,  according  to  the  temperature  at  which  its  solution  is 
evaporated.  Thorinum  and  potassium  suli^hate,  ThK4(SOA.2HoO 
separates  as  a  crystalline  powder  when  a  crust  of  potassium  sulphate 
IS  suspended  m  a  solution  of  thorinum  sulphate.  It  is  easily  soluble 
m  water,  but  insoluble  in  alcohol  and  in  solution  of  potassium 
sulphate. 


CERIUM.— LANTHANUM.— DIDYMIUM. 

Ce  =  138.— La=  139.— Di  =  144  75. 

These  three  metals  occur  together  as  silicates  in  the  Swedish 
mmeral  cente,  also  in  allanite,  orthite,  and  a  few  others  ;  and  as 
pnosjinates  m  monazite,  edwardsite,  and  cryptohte,  a  nuneral  occur- 
nn^  disseminated  through  apatite  and  through  certain  cobalt  ores. 

Oerium  was  discovered  in  1803  by  Klaproth,  and  by  Hisinger  and 
IJerzelius,  who  obtained  it  in  the  form  of  oxide  from  cerite;  This 
mineral  is  completely  decomposed  by  boiling  with  strong  hydro- 
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chloric  acid,  silica  being  separated,  and  the  cerium,  together  with 
iron  and  other  metals,  dissolving  as  chloride.  On  treating  the  acid 
solution  thus  obtained  with  oxalic  acid,  cerium  oxalate  is  precipi- 
tated as  a  white  crystalline  powder,  which,  when  ignited,  leaves  a 
brown  oxide.  The  product  thus  obtained  was  for  some  time 
regarded  as  the  oxide  of  a  single  metal,  cerium  ;  but  in  1839  and 
1841,  Mosander*  showed  that  it  contained  the  oxides  of  two  other 
metals,  which  he  designated  as  lanthanumt  and  didymium.J 

Cerium  oxide  may  be  separated  from  the  oxides  of  lanthanum  and 
didymium  by  treating  the  crude  brown  oxide  above  mentioned,  first 
with  dilute  and  then  with  strong  nitric  acid,  which  gradually 
removes  the  whole  of  the  lanthanum  and  didymium  oxides. 

The  separation  of  these  two  oxides  one  from  the  other  is  much 
more  difficult,  and  can  be  effected  only  by  successive  crystallisation 
of  their  sulphates.  If  the  lanthanum  salt  is  in  excess,  in  which 
case  the  solution  of  the  mix;ed  sulphates  has  only  a  faint  amethyst 
tinge,  the  liquid  is  evaporated  to  dryness,  and  the  residue  heated  to 
a  temperature  just  below  redness,  to  render  the  sulphates  anhydrous. 
The  residue  thus  obtained  is  then  to  be  added  by  small  portions  to 
ice-cold  water,  which  dissolves  it  easily,  and  the  resulting  solution 
heated  in  a  water-bath  to  about  40°.  Lanthanum  sulphate  then 
crystallises  out,  containing  only  a  small  quantity  of  didymium,  and 
may  be  further  purified  by  repeating  the  whole  process.  If,  on  the 
other  hand,  the  didymium  salt  is  in  excess,  in  which  case  the 
liquid  has  a  decided  rose  colour,  separation  may  be  effected  by 
leaving  the  acid  solution  in  a  warm  place  for  a  day  or  two.  Didy- 
mium sulphate  then  separates  in  large  rhombohedral  crystals. 

Metallic  cerium,  lanthanum,  and.  didymium  are  obtained  by 
reducing  the  chlorides  with  sodium,  in  the  form  of  grey  powders, 
which  decompose  water  at  ordinary  temperatures,  and  dissolve 
rapidly  in  dilute  acids  with  evolution  of  hydrogen. 

Atomic  Weights  and  Quantivalence. — According  to  the  atomic 
weights  hitherto  assigned  to  these  tlrree  metals,  viz..  Ce  =  92, 
La  =  93'6,  Di  =  95  (see  Table  on  page  2),  lanthanum  and  didymium 
should  be  dyads,  forming  chlorides  and  oxides  of  the  tyj^es  ECU  and 
EO,  and  cerium  should  be  classed  with  the  iron-metals.  INIeudelejeff, 
however,  as  ali'eady  observed,  proposed  to  alter  the  atomic  weights 
in  accordance  with  the  periodic  law  of  the  elements,  making  Di  =  138 
(triad),  Ce  =  140,  La  =  180  (tetrads).  But  according  to  recent  deter- 
minations of  the  specific  heats  of  these  tlu-ee  metals,  it  would  appear 
that  in  their  most  stable  combinations  they  are  all  three  triadic  or  tri- 
valent.  Hillebrand  1 1  finds  for  the  sjDecific  heats  the  follo\\Tng  values : — 

Ce  La  Di 

0-0479  0-04485  0-04653 , 

and  Mendelejeff  finds  for  cerium  the  number  0-050.    Now  these' 

*  Poggendorff's  Amialen,  xlvi.  648  ;  xlvii.  207  ;  Ivi.  504. 

+  From  \av6aveiv,  to  fie  fiid.  J  From  SiSv/ioi,  twins. 

11  Poggendorff's  Annafen  (1876),  cfxiii.  71. 
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numbers,  multiislied  by  the  hitherto  received  atomic  weights  of  the 
respective  metals,  give  for  the  atomic  heats  the  values  4-12  4-15 
and  4-40,  which  do  not  agree  with  the  law  of  Dulong  and'  Petit 
(p.  248) ;  but  if  these  atomic  weights  are  increased  in  the'^ratio  of  2  to 
3,  which  amounts  to  making  their  lower  oxides  sesquioxides  E,0 
instead  of  monoxides  EO,  their  values,  mth  small  conections" 
according  to  recent  analyses  by  Hillebrand,  become  ' 
Ce  La  m 

138  139  144-75, 

giving  for  the  atomic  heats,  the  values 

6-18  6-23  6-60, 

which  are  in  accordance  with  the  general  law. 

Cerium  forms  two  series  of  compounds,  viz.,  the  cerous  coni- 
pouncls,  in  which  it  is  trivalent,  as  above  stated,  e.g.,  CeCL,  Ce,0, 
Le.,(bUj3;  and  the  c eric  compounds  in  which  it  is  quadrivalent 
e.fir ,  ceric  oxide  CeO^  [formerly  ceroso-ceric  oxide  Ce,0,],  ceric 
sulphate  Ce(S0,)2  *  &c.    There  are  also  two  fluorine-compoimds  of 
cenum,  m  which  it  appears  to  have  still  higher  equivalent  values 
_  UroiLs  oxide,  Ce^O^,  is  obtaiued  by  igniting  the  carbonate  or  oxalate 
m  a  current  of  hydrogen,  as  a  greyish-blue  powder,  quickly  con- 
verted mto  ceric  oxide  on  exposure  to  the  aii-.    Its  salts  are  colour- 
less.   The  sulphate,  Ce2(SO,)3,  crystaUises  with  various  quantities 
ot  water,  according  to  the  temperature  at  which  it  is  deposited 
Cemim  andjootassimn  sulphate',  CeK^{SO,)^,  separates  as  a  white 
powder  on  immersmg  soUd  potassium  sulphate  in  a  solution  of  a 
cerous  salt.    It  is  sUghtly  soluble  in  pm-e  water,  but  insoluble  in  a 
saturated  solution  of  potassium  sulphate.    The  formation  of  this 
salt  aftords  the  nieans  of  separating  cerium  from  most  other  metals 

Uricoxide,_  CeOg,  is  produced  when  cerous  hydrate,  carbonate  or 
nitrate  is  ignited  m  an  open  vessel.  It  is  yellomsh-white,  acquires 
a  deep  orange-red  colour  when  heated,  but  recovers  its  orimnal  tint 
on  coolmg  It  is  not  converted  into  a  higher  oxide  by  ignition  in 
oxygen.  Cemc  hydrate,  ^LQeO,.m,0,  obtained  by  pa.ssin|  chlorine 
into  aqueous  potash  m  wliich  cerous  hydrate  is  suspended,  is  a 
bright  yellow  precipitate  which  dis.solves  readily  in  sitlphuric  and 
nitric  acids  formmg  yeUow  solutions  of  ceric  salts  ;  and  in  hydro- 
chloride'"'" '  °f  chloi-ine,  forming  colourless  cerous 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation, 
first,  brown-red  crystals  of  a  ceroso-ceric  salt,  ^ct^o")  \  ^^''^'l-' 
amUfterwards  yeUow  indistinctly  crystalHne  ceric  sulphate,  Ce(SO,)J 

*  If  these  formula  lie  doubled,  the  ceric  compouiuls  may  also  bo  regarded 

as  containing  trivalent  cerium,  e.g.,  Q^^O^  or  ^1^^''"'?. 

0-Oe— 0 
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All  eerie  compounds,  when  heated  with  hydi'ochloric  acid,  give 
off  chlorine,  and  are  reduced  to  the  corresponding  cerous  compounds ; 
thus : 

CeOg  +  4HC1  -  CeCls  +  SHjO  +  CI. 

There  is  a  fluoride  of  cerium  CejFg  (formerly  CeF3),  which  may 
he  ohtained  as  a  yellow  precipitate,  and  likewise  occurs  native  as 
fluocerite,  and  an  oxyfluoride,  CegEigOg,  occurring  as  fluocerine  at 
Finnbo,  in  Sweden. 

Lanthanum  forms  only  one  set  of  compounds,  viz.,  LaClg,  La203, 
La2(S04)3.  There  is,  however,  a  higher  oxide,  the  composition  of 
wtuch  is  not  exactly  known.  Lanthanum  salts  are  colourless ;  their 
solutions  yield,  with  alkalis,  a  precipitate  of  lanthanum  hydroxide, 
LaH303,  which,  when  ignited,  leaves  the  white  anhydrous  sesqui- 
oxide.  Both  the  hydi-oxide  and  the  aiihydi-ous  oxide  dissolve  easily 
in  acids.  Lanthanum  sulphate  forms  small  prismatic  crystals,  contmn- 
ing  La2(S04)3.9H20 .  Lanthanum  and  potassium  sulphate,  LaK3(S04)3 
is  formed,  on  mixing  the  solution  of  a  lanthanum  salt  with  potassiimi 
sulphate,  as  a  white  crystalline  precipitate,  resemblmg  the  corre- 
spondmg  cerium  salt. 

Didymium  salts  are  rose-coloured,  and  their  solutions  give,  Math 
alkalis,  a  pale  rose-coloured  precipitate  of  the  hydroxide,  DiH303, 
which,  when  ignited  in  a  covered  crucible,  leaves  the  anhydrous 
monoxide,  DigOg,  in  white,  hard  lumps.  When,  however,  the 
hydroxide,  nitrate,  carbonate,  or  oxalate  of  didymium  is  heated  in 
contact  with  the  air,  and  not  very  strongly,  a  dark  bro^^^^  peroxide 
is  left,  containing  fi'om  0-8  to  0-9  per  cent,  oxygen  more  than  the 
monoxide.  This,  when  treated  with  acids,  dissolves  readily,  giving 
off  oxygen  and  yielding  a  salt  of  the  monoxide. 

Didymium  sulphate  separates  from  an  acid  solution,  by  spontaneous 
evaporation,  in  well-defined  rhombohedi-al  crystals,  exhibiting 
numerous  secondary  faces,  and  containing  012(804)3.8  aq.  :  they  are 
isomorphous  with  the  similarly  constituted  sulphates  of  yttrium, 
aud  erbium.  The  sulphate  is  more  soluble  in  cold  than 
in  hot  water,  and  a  solution  satm-ated  in  the  cold,  deposits, 
when  heated  to  the  boiling-point,  a  crystaUine  powder  contain- 
ing 012(804)3.  6  aq. 

Didymium  and  potassium  sulphate,  DiK3(S04)3,  resembles  the 
lanthanum  salt. 

Solutions  of  didymium  salts  exhibit  a  well-mai-ked  absorption 
spectrum,*  containing  two  black  lines  inclosing  a  very  bright  space. 
One  of  these  black  lines  is  in  the  yellow,  immediately  follo-nTng 
Fraunhofer's  line  D  ;  the  other  is  situated  between  E  and  h.  These 
characters  can  be  distinctly  recognised  in  a  solution  half  an  inch 
deep,  containing  only  0"10  per  cent,  of  didymium  salt.  Lanthanum^ 
salts 'do  not  exhibit  an  absorption  spectriun. 


*  See  Light,  p.  79. 


YTTRIUM  AND  ERBIUM. 
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YTTRIUM  AND  ERBIUM. 

Y  =  92.    Eb  =  168-9. 

These  metals  exist  as  silicates  in  the  gadoHtiite  or  ytterbite  of 
Ytterby  in  Sweden,  and  in  a  few  other  rare  minerals.  A  third 
metal,  caUed  terbium,  has  also  been  supjjosed  to  be  associated  with 
them  ;  but  recent  experiments,  especially  those  of  Bahr  and  Bunsen,* 
have  thi'owm  very  great  doubt  upon  its  existence. 

To  _  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state, 
gadoliuite  is  digested  with  hycbochloric  acid,  and  the  solution 
separated  from  the  silica  is  treated  with  oxalic  acid,  which  thi-ows 
do^vn  the  oxalates  of  erbium  and  yttrium,  together  with  those  of 
calcium,  cerium,  lanthanum,  and  didymium.  These  oxalates  are 
converted  iuto  nitrates  ;  the  solution  is  treated  with  excess  of  solid 
potassium  sulphate,  to  separate  the  cerium  metals  ;  the  erbium  and 
yttrium,  which  still  remaia  in  solution,  are  again  precipitated  by 
oxalic  acid  ;  and  the  same  treatment  is  repeated,  till  the  solution  of 
the  mixed  earths,  when  examined  by  the  spectral  apparatus,  no 
longer  exhibits  the  absorption-bands  characteristic  of  didymium, 
To  separate  the  erbia  and  yttria,  they  are  again  precipitated  by 
oxalic  acid.  The  oxalates  are  converted  into  nitrates,  and  the 
nitrates  of  erbium  and  y  ttriimi  are  separated  by  a  series  of  fractional 
crystallisations,  the  erbium  salt  being  the  less  soluble  of  the  two, 
and  crystallising  out  first ;  but  the  process  requires  attention  to  a 
number  of  details,  which  cannot  be  here  described  t  ' 

Metallic  erbium  has  not  been  isolated.  Yttrium  (containing 
erbiimi)  was  obtained  by  BerzeHus,  as  a  blackish  grey  powder,  by 
igniting  yttrium  chloride  with  potassium. 

Yttrium  and  erbium  have  hitherto  been  regarded  as  dyads,  with 
the  atomic  weights  Y  =  61-7,  Eb  =  112-6;  but  the  close  analogy  of 
their  compounds  to  those  of  lanthanum  and  didymium  renders  it 
more  probable  that  they  are  triads,  with  the  higher  atomic  weights 
above  given.  In  the  absence,  however,  of  exact  determinations  of 
the  specific  heats  of  these  metals,  the  question  must  for  the  present 
be  regarded  as  undecided. 

Erbia,  EbgOg,  obtained  by  ignition  of  erbium  nitrate  or  oxalate, 
has  a  famt  rose  colour.  It  does  not  melt  at  the  strongest  white  heat, 
but  aggregates  to  a  spongy  mass,  glowing  with  an  intense  green 
hght,  which,  when  examined  by  the  spectroscope,  exhibits  a 
continuous  spectrum  intersected  by  a  number  of  bright  bands, 
bolutions  of  erbium-salts,  on  the  other  hand,  give  an  absorption- 
spectrum  exhibiting  dark  bands,  and  the  points  of  maximum  intensity 
of  the  light  bands  m  the  em.ission-spectrum  of  yhiving  erbia  coincide 
exactly  m  position  with  the  points  of  greatest  darkness  in  the  absorp- 
*  Ann.  Ch.  Phartn.  cxxxvii.  1. 

t  See  Watts's  Dictionaiy  of  Chemistry,  vol.  v.  p.  721. 
FOWNES. — VOL.  I.  2  0 
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Hon  spectrum.  The  position  of  these  bands  is  totally  different  from 
those  in  the  emission  and  absoqition-spectra  of  didjnnium.* 

Erbium  salts  have  a  rose-red  colour,  deeper  in  the  hydrated  than 
in  the  anhydrous  state ;  they  have  an  acid  reaction  and  sweet 
astringent  taste.  The  sulphate,  3EbS04.8  aq.,  forms  light  rose- 
coloured  crystals,  isomorphous  with  the  sulphates  of  j'ttrium  and 
didymium, 

Yt  tria,  Y^O^,  is  a  soft,  nearly  white  powder,  which  when  ignited 
glows  with  a  pure  white  light,  and  yields  a  spectrum  not  containing 
any  bright  bands,  like  that  of  erbia.  It  does  not  unite  directly  with 
water,  but  is  precipitated  as  a  hydrate  by  alkaUs,  fi'om  solutions  of 
yttrium-salts.  It  dissolves  slowly  but  completely  in  hydrochloric, 
nitric,  and  sulphuric  acids,  forming  coloiu-less  solutions,  which  do 
not  exhibit  an  absorption-spectrum. 

Yttrium  sulphate,  ¥2(804)3.8  aq.,  forms  small  colourless  crystals. 


Reactio7is  of  the  Earth-metals. 

1.  AU  these  metals  are  precipitated  from  their  solutions  by 
ammonium  sulphide,  as  hydrates,  not  as  sulphides.  They  are  not 
precipitated  by  hydrogen  sulphide. 

2.  The  hydi'ates  of  aluminium  and  beryllium  are  soluble  in  caustic 
2Mtash ;  those  of  the  other  earth-metals  are  uasoluble. 

3.  Beryllium  hydi-ate  dissolves  in  a  cold  saturated  solution  of 
ammonium  carbonate,  and  is  precipitated,  as  carbonate,  on  boiling. 
Aluminium  hydi'ate  is  insoluble  in  ammonium  carbonate  (see 
further,  p.  395). 

4.  Of  the  eai'th-metals  whose  hydrates  are  insoluble  in  potash, — 
namely,  zirconium,  thoriaum,  cerium,  lanthanum,  didyniium, 
erbium,  and  yttrium, — zii-conium  and  thorinum  may  be  precipitated 
as  thiosulphates  by  boiling  the  solution  -vvith  sodiuvi  thiosulphate, 
the  other  metals  remaining  in  solution.  The  precipitate  when 
ignited  leaves  pure  zirconia  and  thorina,  or  a  mixture  of  the  two. 

5.  Zirconium  and  thormum  may  be  separated  one  from  the  other 
by  means  of  ammonium  oxalate,  which,  when  added  in  excess, 
precipitates  the  thoriaum  as  oxalate,  and  leaves  the  zirconium  in 
solution. 

6.  Cerium,  lanthanum,  and  didymium  are  separated  from  yttrium 
and  erbium  by  adding  an  excess  of  potassium  sulpha  te,  which  throws 
down  the  cerium  metals,  leaving  yttrium  and  erbiimi  in  solution  ;  to 
ensiu'e  complete  precipitation,  the  solution  must  be  left  in  contact 
for  some  time  with  a  piece  of  solid  potassium  sulphate. 

Cerium  may  be  separated  from  lanthanum  and  didymium,  as 
already  observed,  by  treating  the  mixed  oxides  several  times  •with 
nitric  acid  (p.  398).  Another  method  is  to  boil  the  mixed  oxides 
(the  cerium  being  in  the  state  of  eerie  oxide)  with  solution  of 
sal-ammoniac.     The  lanthanum  and  didymium   then  gradually 

*  The  paper  by  Bahr  and  Buuseii,  above  referred  to,  is  accompauied  by 
exact  diagrams  of  the  erbium  and  didymium  spectra. 
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dissolve,  as  chlorides,  while  the  cerium  remains  as  eerie  oxide 
A  thu'cl  method  is  to  precipitate  the  solution  of  the  three  metals 
witJi  excess  ol  potash,  and  pass  c/ifomifi  in  excess  through  the  solution 
and  precipitate  ;  the  cerium  is  then  separated  as '  brio-ht  yellow 
ceric  hydrate,  while  the  lanthanum  and  didyraium  \-edissolve 
as  chlorides.  This  reaction  serves  to  detect  very  small  riuantities  of 
cerium  mixed  mth  the  other  two  metals.  Cerium  is  further 
distinguished  by  the  light-yellow  colour  of  anhydrous  eerie 
oxicie,  amL  by  the  reaction  of  its  compounds,  when  fused  before  the 
blowpipe  with  borax  or  phosphorus  salt,  the  glass  thus  formed  beino- 
deep  red  whde  hot,  and  becoming  colom-less  on  cooling.  Didymium 
IS  distinguished  by  the  dark-brown  colour  of  its  higher  oxide :  by  the 
pale  rose-colour  which  its  salts  impart  to  a  bead  of  borax  or 
phosphorus  salt  ;  and  by  the  pecuHar  character  of  its  absorption- 
spectrum  (p.  400). 

The  methods  of  separating  lanthanum  fi-om  didymium,  and 
noticed'  erbium— imperfect  at  the  best-have  been  already 


Manufacture  of  Glass,  Porcelain,  and  Earthenware. 

Glass.— Glass  is  a  mixture  of  various  insoluble  silicates  with 
excess  ol  silica,  altogether  destitute  of  crystalline  structure  -  the 
simple  silicates,  formed  by  fusing  the  bases  with  silicic  acid  in 
eciuivalent  proportions,  very  often  crystallise,  wliich  haimens  also 
with  the  greater  number  of  the  natural  silicates  included  amon-^  the 
earthy  minerals.  Compoimds  identical  with  some  of  these  are  also 
occasiona  ly  formed  in  artificial  processes,  where  large  masses  of 
melted  glassy  matter  are  suffered  to  cool  slowly.  The  alkaline 
silicates,  when  m  a  state  of  fusion,  have  the  power  of  dissolvin<.  a 
large  quantity  of  silica.  ^ 

Two  principal  varieties  of  glass  are  met  with  in  commerce,  namely 
glass  composed  of  silica,.alkali,  and  lime  ;  and  glass  containing  a  large 
proportion  of  lead. sibcate  :  croion  and  plate  glass  heloncr  to  the  former 

uJf!Tk^-t''l  ^        ''"'^  °f  artificial  gems,  to  the 

lat  er.    The    ead  promotes  fusibility,   and  confers  also  density 

Li'    f-  f  een  bottle-glass  contains  no  lead,  but  much 

8Uicate  of  iron,  derived  from  the  impure  materials.  The  principle 
,on!l  ^  T'"",  ™*"ff^°t^re  IS  very  simple.  Silica,  in  the  shape  of 
sand  IS  heated  with  potassium  or  sodium  carbonate,  and  slaked  lime 
tL.  K  '  ■  ^^^^  temperature,  fusion  and  combination  occur, 
and  the  carbonic  acid  is  expelled.  Glauber's  salt  mixed  with  char- 
coal IS  sometimes  .substituted  for  soda.  When  the  melted  mass  has 
become  perfectly  clear  and  free  from  air-bul^bles,  it  is  left  to  cool 
until  It  assumes  the  pecuL-ar  tenacious  condition  pro]5er  for  working. 

ihe  operation  of  fusion  is  conducted  in  large  crucibles  of  refractory 
hre-clay,  which  m  the  case  of  lead-gla.ss  are  covered  by  a  dome  at 

intri;'"l"    7.1^''  TT^  the  "materials  are 

introduced,  and  the  melted  glass  withdrawn.    Great  care  is  exercised 
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in  the  choice  of  the  sand,  which  must  be  quite  white  and  free  from 
ii'on  oxide.  Eed  lead,  one  of  the  higher  oxides,  is  preferred  to 
litharge,  although  immediately  reduced  to  monoxide  by  the  heat, 
the  liberated  oxygen  serving  to  destroy  any  combustible  matter  that 
might  accidentally  find  its  way  iato  the  crucible,  and  stain  the  glass 
by  reducing  a  portion  of  the  lead.  Potash  gives  a  better  glass  than 
soda,  although  the  latter  is  very  generally  employed,  fi'om  its  lower 
price.  A  certain  proportion  of  broken  and  waste  glass  of  the  same 
kind  is  always  added  to  the  other  materials. 

Articles  of  blown  glass  are  thus  made  :  The  workman  begins  by 
collecting  a  proper  quantity  of  soft  pasty  glass  at  the  end  of  his  hlov)- 
pipe,  an  ii'on  tube  five  or  six  feet  ia  length,  terminated  by  a  mouth- 
piece of  wood ;  he  then  begias  blowing,  by  which  the  lump  is 
expanded  into  a  kind  of  flask,  susceptible  of  having  its  form  modified 
by  the  position  in  which  it  is  held,  and  the  velocity  of  rotation 
continually  given  to  the  iron  tube.  If  an  open-ujouthed  vessel  is 
to  be  made,  an  ii'on  rod,  called  a  jJontil  or  puntil,  is  dipped  into  the 
glass  pot  and  applied  to  the  bottom  of  the  flask,  to  which  it  thus 
serves  as  a  handle,  the  blowpipe  being  removed  by  the  application 
of  a  cold  ii'on  to  the  neck.  The  vessel  is  then  reheated  at  a  hole  left 
for  the  piu'pose  in  the  wall  of  the  furnace,  the  aperture  enlarged, 
and  the  vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple 
tools,  until  completed.  It  is  then  detached,  and  carried  to  the 
annealing  oven,  where  it  undergoes  slow  and  gradual  cooling  diuing 
many  hours,  the  object  of  which  is  to  obviate  the  excessive  brittleness 
always  exhibited  iDy  glass  which  has  been  quickly  cooled.  The 
large  circular  tcMes  of  crown  glass  are  made  by  a  very  cvmous 
process  of  this  kind  ;  the  globular  flask  at  first  produced,  transferred 
from  the  blowpipe  to  the  pontU,  is  suddenly  made  to  assume  the 
form  of  a  flat  disc  by  the  centrifugal  force  of  the  rapid  rotatory 
movement  given  to  the  rod.  Plate  glass  is  cast  upon  a  flat  metal 
table,  and,  after  very  careful  annealiug,  ground  true  and  polished  by 
saitable  machinery.  Tubes  are  made  by  rapidly  di-aMang  out  a 
hoUow  cyliader ;  and  from  these  a  great  variety  of  useful  small 
apparatus  may  be  constructed  with  the  help  of  a  lamp  and  blow- 
pipe, or,  stdl  better,  the  bellows  table  of  the  barometer-maker. 
Small  tubes  may  be  bent  in  the  flame  of  a  spiiit-lamp  or  gas-jet,  and 
cut  with  great  ease  by  a  file,  a  scratch  being  made,  and  the  two 
portions  pulled  or  broken  asunder  in  a  way  easily  learned  by  a 
few  trials. 

Specimens  of  the  two  chief  varieties  of  glass  gave  the  following 
results  on  analysis  : — 


Boliemian  plate  glass  (excellent). 
SiUca,     .      .      .  60-0 
Potassium  oxide,     ,  25-0 
Lime,  .       12 '5 


English  flint  glass. 

SUica,   .       .       .  51-93 

Potassium  oxide,  .  13'77 

Lead  oxide,  .       .  33-28 


97-5 


99-98 


MANUFAOTURE  OP  GLASS. 


405 


The  difficultly  fusible  white  Bohamian  tube,  so  valuable  in  organic 
analysis,  has  been  found  to  contain,  in  100  parts — 

Silica,   72-80 

Lime,  with  trace  of  alumina,       .       .       .  9-68 

Magnesia,   "40 

Potassium  oxide,   16'80 

Traces  of  manganese,  &c.,  and  loss,     .       .  -32 

Different  colours  are  often  communicated  to  glass  by  metallic 
oxides.  Thus,  oxide  of  cobalt  gives  deep  blue  ;  oxide  of  manganese, 
amethyst ;  cuprous  oxide,  ruby-red ;  cupric  oxide,  green ;  the  oxides 
of  ii'on,  dull  green  or  brown,  &c.  These  are  either  added  to  the 
melted  contents  of  the  glass-pot,  in  which  they  dissolve,  or  applied 
in  a  particular  manner  to  the  surface  of  the  plate  or  other  object, 
which  is  then  reheated,  imtil  fusion  of  the  colouring  matter 
occm-s ;  such  is  the  j)ractice  of  enamelling  and  glass-painting.  An 
opaque  white  appearance  is  given  by  oxide  of  tin ;  the  enamel  of 
watch-faces  is  thus  prepared. 

Toughened  Glass. — When  ordinary  glass  is  heated  till  it  begins  to 
soften,  then  plunged  into  melted  paraffin,  wax,  or  other  substance 
melting  at  a  comparatively  low  temperature,  and  then  left  to  cool 
gradually,  it  becomes  very  tough,  so  that  it  may  be  struck  or  thrown 
on  the  ground  without  breaking.  It  has  also  acquired  greater 
power  of  resisting  heat,  and  may  be  heated  to  redness,  then  dipped 
into  cold  water,  and  whilst  wet  again  held  in  the  flame,  without 
injury.  Hence  it  is  well  adapted  for  lamp-chimneys  and  for 
culinary  vessels.  When  it  does  break,  however,  it  splits  up  tuto  a 
multitude  of  minute  angular  fragments,  indicating  a  crystalline 
structure,  the  existence  of  which  is  confirmed  by  the  appearance  of 
the  toughened  glass  in  polarised  light. 

Soluble  Glass. — When  silica  is  melted  with  twice  its  weight  of  potas- 
sium or  sodium  carbonate,  and  the  product  treated  with  water,  the 
greater  part  dissolves,  yielding  a  solution  from  which  acids  precipitate 
gelatinous  silica.  This  is  soluble  glass  or  water  glass;  its  solution  has 
been  used  for  rendering  muslin  and  other  fabrics  of  cotton  or  Hnen 
less  combustible,  for  making  artificial  stone,  and  preserving  natural 
stone  from  decay,  and  for  a  peculiar  style  of  mural  paiuting  called 
stereochromy.* 

Porcelain  and  Earthenware. — The  plasticity  of  natural  clays, 
and  their  hardening  when  exposed  to  heat,  are  properties  which 
suggested  in  very  early  times  their  application  to  the  making  of 
vessels  for  the  various  purposes  of  daily  life :  there  are  few  branches 
of  industry  of  higher  antiquity  than  that  exercised  by  the  potter. 

True  porcelain  is  distinguished. from  earthenware  by  very  obvious 
characters.  In  porcelain  the  body  of  the  ware  is  very  compact  and 
translucent,  and  breaks  with  a  conchoidal  fractm'e,  symptomatic  of 

*  See  Richardson  and  "Watts's  Cliemical  Technology,  vol.  i.  part  iv.  pp. 
69-104. 
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a  commencement  of  fnsion.  The  glaze,  too,  applied  for  givin"  a 
perfectly  smooth  siuface,  is  closely  adherent,  and,  in  fact,  gradurftiis 
by  insensible  degrees  into  the  substance  of  the  Ijody.  In  earthen- 
ware, on  the  contrary,  the  fracture  is  open  and  earthy,  and  the 
glaze  detachable  with  greater  or  less  facility.  The  compact  and 
partly  glassy  character  of  porcelain  is  the  result  of  the  admixture 
with  the  clay  of  a.  small  portion  of  some  substance  such  as  felspar, 
or  a  calcic  or  alkaline  silicate,  which  is  fusible  at  the  temperature 
to  which  the  ware  is  exposed  when  baked  or  fired,  and  being 
absorbed  by  the  less  fusible  portion,  binds  the  whole  iuto  a  solid 
mass  on  cooling.  The  clay  employed  in  i^orcelain-making  is 
always  directly  derived  from  decomposed  felspar,  none  of  the  clays 
of  the  secondary  strata  being  pure  enough  for  the  purpose  :  it 
must  be  white,  and  free  from  iron  oxide.  To  diminish  the 
contraction  which  this  substance  undergoes  in  the  fire,  a  quantity  of 
finely  divided  silica,  carefully  prepared  hj  crushing  and  griad- 
ing  calcined  flints  or  chert,  is  added,  together  with  a  proper 
proportion  of  felspar  or  other  fusible  material,  also  reduced 
to  impalpable  powder.  The  utmost  pains  are  taken  to  eflect 
perfect  uniformity  of  mixture,  and  to  avoid  the  introduction  of 
particles  of  grit,  or  other  foreign  bodies.  The  ware  itself  is 
fashioned  either  on  the  potter's  wheel— a  kind  of  vertical  lathe — or 
in  moulds  of  plaster  of  Paris,  and  dried  first  in  the  air,  aftei-wards 
by  artificial  heat,  and  at  length  completely  hardened  by  exposure  to 
the  temperature  of  ignition.  The  porous  biscuit  is  now  fit  to  receive 
its  glaze,  which  may  be  either  ground  felspar,  or  a  mixture  of 
gypsum,  silica,  and  a  little  porcelain  clay,  difiiised  through  water. 
The  piece  is  dipped  for  a  moment  into  this  mixture,  and  Anthdrawn  ; 
the  water  sinks  into  its  substance,  and  the  powder  remains  evenly 
spread  upon  its  surface ;  it  is  once  more  dried,  and,  lastly,  fired  at 
an  exceedingly  high  temperature. 

The  porcelain-furnace  is  a  circular  structure  of  masonry,  having 
several  fire-places,  and  surmounted  by  a  lofty  dome.  Dry  wood  or 
coal  is  consumed  as  fuel,  and  its  flame  directed  into  the  interior,  and 
made  to  circulate  around  and  among  the  earthen  cases,  or  seggars,  in 
which  the  articles  to  be  fired  are  packed.  Many  hours  are  required 
for  this  operation,  which  must  be  very  carefully  managed.  After 
the  lapse  of  several  days,  when  the  furnace  has  completely  cooled,  the 
contents  are  removed  in  a  finished  state,  so  far  as  regai'ds  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel, 
has  yet  to  be  executed  ;  after  which  the  pieces  are  again  heated,  in 
order  to  flux  the  colours.  The  operation  has  sometimes  to  be 
repeated  more  than  once. 

The  manufacture  of  porcelain  in  EuroiDe  is  of  modem  origin :  the 
Chinese  have  possessed  the  art  "from  the  commencement  of  the 
seventh  century,  and  theii-  ware  is,  in  some  respects,  altogether  un- 
equalled. The  materials  employee!  by  them  are  Imo-mi  to  be  kaolin 
or  decomposed  felspar ;  petuntze,  or  quartz  reduced  to  fine  poM'der  ; 
and  the  ashes  of  fern,  which  contain  potassium  carbonate. 
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Stoneware. — Tins  is  a  coarse  kind  ol'  porcelain,  made  from  clay 
containing  o^dde  of  ii-on  and  a  little  lime,  to  whicli  it  owes  its 
partial  fusibility.  The  glazing  is  performed  by  throwing  common 
salt  into  the  heated  fm-nace  ;  this  is  volatilised,  and  decomposed  by 
the  joint  agency  of  the  silica  of  the  ware  and  of  the  vapour  of  water 
always  present ;  hydrochloric  acid  and  soda  are  produced,  the  latter 
forming  a  silicate,  which  fuses  over  the  surface  of  the  ware,  and 
gives  a  thin,  but  excellent  glaze. 

Eartlmnware. — The  finest  kind  of  earthenware  is  made  from  a 
white  secondary  clay,  mixed  with  a  considerable  quantity  of  silica. 
The  articles  are  thoroughly  dried  and  fired ;  after  which  they  are 
dipped  into  a  readily  fusible  glaze  mixture,  of  which  lead  oxide  is 
usually  an  important  ingredient,  and,  when  dry,  reheated  to  the 
point  of  fusion  of  the  latter.  The  whole  process  is  much  easier  of 
execution  than  the  making  of  porcelain,  and  demands  less  care, 
The  ornamental  designs  in  blue  and  other  colours,  so  common  upon 
plates  and  household  articles,  are  printed  upon  paper  in  enamel  pig- 
ment mixed  with  oU,  and  transferred,  while  still  wet,  to  the  unglazed 
ware.  When  the  ink  becomes  dry,  the  paper  is  washed  off,  and  the 
glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a 
whitish  opaque  glaze,  which  contains  the  oxides  of  lead  and  tin ; 
such  glaze  is  very  liable  to  be  attacked  by  acids,  and  is  dangerous 
for  culinary  vessels. 

Crucibles,  when  of  good  quality,  are  very  valuable  to  the  chemist. 
They  are  made  of  clay  free  from  lime,  mixed  with  sand  or  ground 
ware  of  the  same  description.  The  Hessian  and  Cornish  crucibles 
are  among  the  best.  Sometimes  a  mixture  of  plumbago  and  clay 
is  employed  for  the  same  purpose  ;  and  powdered  coke  has  been  also 
used  with  the  earth  :  such  crucibles  bear  rapid  changes  of  tempera- 
ture with  impunity. 


DYAD  METALS.— GEOUP  11. 
MAGNESIUM. 

Atomic  weight,  24.  Symbol,  Mg. 

This  metal  was  formerly  classed  with  the  metals  of  the  alkaJdne 
earths,  but  it  is  much  more  nearly  related  to  zinc  by  its  properties 
in  the  free  state,  as  well  as  by  the  volatility  of  its  chloride,  the 
solubility  of  its  sulphate,  and  the  isomorphism  of  several  of  its  com- 
pounds with  the  analogously  constituted  compounds  of  zinc. 

Magnesium  occurs  in  the  mineral  kingdom  as  hydrate,  carbonate, 
borate,  phosphate,  sulphate,  and  nitrate,  sometimes  ui  the  solid 
state,  sometimes  dissolved  in  mineral  waters  :  magnesian  limestone, 
or  dolomite,  which  forms  entire  moimtain  masses,  is  a  carbonate  of 
magnesium  and  calcium.    Magnesium  also  occurs  as  silicate,  com- 
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Mned  with  otiier  silicates,  in  a  variety  of  minerals,  as  steatite,  honi- 
blencle,  angite,  talc,  &c. ;  also  as  aluniinate  in  spinelle  and  zeilauife. 
It  likewise  occurs  in  the  bodies  of  plants  and  animals,  chiefly  as 
carbonate  and  phosphate,  and  in  combination  with  organic  acids. 
Metallic  magnesium  is  prepared : 

1.  By  the  electrolysis  of  fused  magnesium  chloride,  or,  better,  of  a 
mixture  of  4  molecules  of  magnesium  chloride  and  3  molecules  of 
potassium  chloride  with  a  small  quantity  of  sal-ammoniac.  A  con- 
venient way  of  effecting  the  reduction  is  to  fuse  the  mixture  in  a 
common  clay  tobacco-pipe  over  an  Ai'gand  spirit-lamp  or  gas-burner, 
the  negative  pole  being  an  iron  wire  passed  up  the  pipe-stem,  and 
the  positive  pole  a  piece  of  gas-coke,  jiist  touching  the  surface  of  the 
fused  chlorides.  Ou  passing  the  current  of  a  battery  of  ten  Bunsen's 
cells  through  the  arrangement,  the  magnesium  collects  round  the 
extremity  of  the  iron  wire. 

2.  Magnesium  may  be  prepared  in  much  larger  quantity  by 
reducing  magnesium  chloride,  or  the  double  chloride  of  magnesium 
and  sodium  or  potassium,  with  metalbc  sodium.  The  double 
chloride  is  prepared  by  dissolving  magnesium  carbonate  in  hydro- 
chloric acid,  adding  an  equivalent  quantity  of  sodium  or  potassium 
chloride,  evaporating  to  dryness,  and  fusing  the  residue.  This  pro- 
duct, heated  with  sodium  in  a  wrought-iron  crucible,  yields  metallic 
magnesium,  containing  certain  impimties,  from  which  it  may  be 
freed  by  distillation.  This  process  is  now  earned  out  on  the  manu- 
facturing scale,  and  the  magnesium  is  drawn  out  into  ^Vire  or  formed 
into  riband  for  burning.* 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  somewhat 
more  brittle  at  common  temjDeratures,  but  malleable  at  a  heat  a  little 
below  redness.  Its  specific  gravity  is  1'74.  It  melts  at  a  red  heat, 
and  volatilises  at  nearly  the  same  temperature  as  zinc.  It  retains  its 
lustre  in  diy  air,  but  in  moist  air  it  becomes  covered  ^vith  a  crust  of 
magnesia. 

Magnesium  in  the  form  of  wire  or  riband  takes  fire  at  a  red  heat, 
burning  with  a  dazzling  bluish- white  light.  The  flame  of  a  candle 
or  spirit-lamp  is  sufficient  to  inflame  it,  but  to  insure  continuous 
combustion,  the  metal  must  be  kept  in  contact  ^jrith  the  flame.  For 
this  purpose  lamps  are  constructed,  provided  vnth  a  mechanism 
which  continually  pushes  three  or  more  magnesium  wires  into  a 
small  spirit-flame. 

The  magnesium  flame  produces  a  continuous  spectrum,  containing 
a  very  large  proportion  of  the  more  refrangible  rays  :  hence  it  is 
well  adapted  for  photography,  and  has,  indeed,  been  used  for  taking 
photographs,  in  the  absence  of  the  sun,  or  in  places  where  sunlight 
cannot  penetrate,  as  in  caves  or  subterranean  apartments. 

Magnesium  Chloride,  MgClj. — "V\Tien  magnesia,  or  its  carbonate, 
is  dissolved  in  hydrochloric  acid,  magnesiimi  chloride  and  water  are 

*  For  details  of  the  mamifacturing  process,  see  Eichardson  and  Watts's 
Chemical  Technology,  vol.  i.  part  v.  pp.  33(5-339. 
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pfoduced  ;  but  when  this  solution  is  eraporated  to  dryness,  the  last 
portions  of  water  are  retained  with  such  obstinacy,  that  decomposi- 
tion of  the  water  is  brought  about  by  the  concurring  attractions  of 
magnesium  for  oxygen,  and  of  chlorine  for  hydrogen  ;  hydrochloric 
acid  is  expelled,  and  magnesia  remains.  If,  however,  sal-ammoniac, 
potassium  chloride,  or  sodium  chloride  is  present,  a  double  salt  is 
produced,  which  is  easily  rendered  anhydrous.  The  best  mode  of 
preparing  the  chloride  is  to  divide  a  quantity  of  hydi-ochloric  acid 
into  two  equal  portions,  to  neutralise  one  with  magnesia,  and  the 
other  Mith  ammonia,  or  carbonate  of  ammonia :  to  mix  these  solutions, 
evaporate  them  to  dryness,  and  then  expose  the  salt  to  a  red  heat  in 
a  loosely  covered  porcelain  crucible.  Sal-ammonaic  sublimes,  and 
magnesium  chloride  in  a  fused  state  remains  ;  the  latter  is  poru'ed 
out  upon  a  clean  stone,  and  when  cold  transferred  to  a  well-stopped' 
bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very 
debquescent  and  highly  soluble  in  water,  from  which  it  cannot  again 
be  recovered  by  evaporation,  for  the  reasons  just  mentioned.  When 
long  exposed  to  the  air  in  the  melted  state,  it  is  converted  into 
magnesia.    It  is  soluble  in  alcohol. 

Magnesium  Oxide,  or  Magnesia,  MgO. — This  oxide  is  easily 
prepared  by  exposing  the  magnesia  alba  of  pharmacy,  which  is  a 
hyclrocarbonate,  to  a  fuU  red  heat  in  an  earthen  or  platinum  crucible. 
It  forms  a  soft,  white  powder,  which  slowly  attracts  moisture  and 
carbonic  acid  from  the  air,  and  unites  quietly  with  water  to  a  hydrate 
which  possesses  a  feeble  degree  of  solubility,  requiring  about  5000 
parts  of  water  at  15-5°  and  36,000  parts  at  100°.  The  alkalinity  of 
magnesia  can  only  be  observed  by  placing  a  small  portion  in  a 
moistened  state  upon  test-paper  :  it  neutralises  acids,  however,  in 
the  most  complete  manner.    It  is  infusible. 

Magnesium  sulphide  is  formed  by  passing  vapour  of  carbon  sulphide 
over  magnesia,  in  capsules  of  coke,  at  a  strong  red  heat. 

Oxysalts  of  Magnesium.— The  sulphate,'MgS0^.7R^O,  commonly 
called  Epsom  salt,  occurs  in  sea- water,  and  in  many  mineral  springs, 
and  is  now  manirfactured  in  large  quantities  by  acting  on  maguesian 
Umestone  with  dilute  sulphuric  acid,  and  separating  the  magnesium 
sulphate  from  the  greater  part  of  the  slightly  soluble  calcium  sulphate 
by  filtration.  The  crystals  are  derived  from  a  right  rhombic  prism ; 
they  are  soluble  in  an  equal  weight  of  water  at  5-5°,  and  in  a  still 
smaller  quantity  at  100°.  The  salt  has  a  nauseous  bitter  taste,  and, 
like  many  other  neutral  salts,  possesses  purgative  properties.  When 
it  IS  exposed  to  heat,  6  molecules  of  water  readily  pass  oil;  the 
seventh  being  energetically  retained.  Magnesium  sulpliate  forms 
beautiful  double  salts  with  the  sulphates  of  potassium  and  ammonium, 
which  contain  6  molecules  of  crystallisation-water,  their  formula3 
being  MgK2(SO,)26H20,  and  Mg(NHj2(S04)26ll20.  These  salts 
are  isomorphoua,  and  form  monocHnic  crystals. 
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Carlo  nates. — The  neutral  carbonate,  MgCOg  or  MgO.COg,  occurs 
native  in  rhombohedral  crystals,  resembling  those  of  calc-spar, 
imbedded  in  talc-slate  :  a  soft  earthy  variety  is  sometimes  met  \vit\\. 

When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid,  and  the 
sohition  left  to  evaporate  spontaneously,  small  prismatic  crystals 
are  deposited,  consisting  of  trihydrated  magnesium  carbonate, 
MgCOg.SH^O. 

The  magnesia  alba  itself,  although  often  called  carbonate  of 
magnesium,  is  not  so  in  reality  ;  it  is  a  compound  of  carbonate  A^dth 
hydrate.  It  is  prepared  by  mixing  hot  solutions  of  potassium  or 
sodium  carbonate  and  magnesium  sulphate,  the  latter  being  kept  in 
shght  excess,  boiling  the  whole  a  few  minutes,  during  which  time 
much  carbonic  acid  is  disengaged,  and  well  washing  the  precipitate 
so  produced.  If  the  solution  is  very  dilute,  the  magnesia  alba  is 
exceedingly  light  and  bulky  ;  if  otherwise,  it  is  denser.  The  com- 
position of  this  precipitate  is  not  perfectly  constant.  In  most  cases 
it  contains  4MgC03.MgH302.6  aq. 

Magnesia  alba  is  slightly  soluble  in  water,  especially  when  cold. 

Magnesuim  phosjjhate,  MgHPO^.THgO,  separates  in  small  colour- 
less prismatic  crystals  when  solutions  of  sodium  phosphate  and 
magnesium  sulphate  are  mixed  and  suffered  to  stand  for  some  time. 
According  to  Graham,  it  is  soluble  in  about  1000  parts  of  cold  water. 
Magnesium  phosphate  exists  in  the  grain  of  the  cereals,  and  can  be 
detected  in  considerable  quantity  in  beer. 

Mctgnesium  and  Ammonium  Phosphate,  Mg(NH^)P04.6H2.0.' — 
When  ammonia  or  its  carbonate  is  mixed  with  a  magnesium  salt,  and 
a  soluble  phosphate  is  added,  a  crystalline  precipitate  having  the 
above  composition,  subsides,  immediately  if  the  solutions  are  con- 
centrated, and  after  some  time  if  very  dilute  :  in  the  latter  case,  the 
precipitation  is  promoted  by  stirring.  This  salt  is  slightly  soluble 
in  pm-e  water,  but  nearly  insoluble  in  saline  and  ammoniacal  liquids. 
When  heated,  it  gives  off  water  and  ammonia,  and  is  converted  into 
magnesium  injroiAosphate,  MggPgOy  : 

2Mg(NH4)P04  =  Mg2P207  +  H2O  +  2NH3 . 

At  a  strong  red  heat  it  fuses  to  a  white  enamel-like  mass.  Mag- 
nesium and  ammonium  phosphate  sometimes  forms  a  urinary 
calculus,  and  occurs  also  in  guano. 

In  analysis,  magnesium  is  often  separated  from  solutions  by 
bringing  it  into  this  state.  The  liquid,  free  from  alumina,  lime, 
&c.,  is  mixed  with  sodium  phosphate  and  excess  of  ammonia,  and 
gently  heated  for  a  short  time.  The  precipitate  is  collected  upon 
a  filter  and  thoroughly  washed  mth  water  containing  a  little 
ammonia,  after  which  it  is  dried,  ignited  to  redness,  and  weighed. 
The  proportion  of  magnesia  is  then  easily  calculated. 

Silicates. — The  following  natural  compoimds  belong  to  this  class  : 
Glirysolite,  Mg2Si04=2MgO.Si02,  a  crystallised  mineral,  sometimes 
employed  for  ornamental  purposes  :  a  poi-tion  of  the  magnesia  is 
commonly  replaced  by  ferrous  oxide,  which  communicates  a  gi-een 
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colour  Meerschaum,  2MgSi03.Si02  =  2Mg0.3SiO„  is  a  soft  sectile 
imueral,  from  which  pipe-bowls  are  made.  Talc,  4MgSi03.SiO,.4  aq. 
(called  steatite  when  massive),  is  a  soft,  white,  sectile,  transparent  or 
tiUDsliicent  mineral,  used  as  firestones  for  furnaces  and  stoves,  and 
in  thin  plates  for  glazing  lanthorns,  &c. ;  also  in  the  state  of  powder 
tor  dumnishing  friction.  Soapstone,  also  called  steatite,  is  a  silicate 
of  magnesium  and  alumuiium  of  somewhat  variable  composition. 
Serpentine  is  a  combination  of  silicate  and  hydi-ate  of  mao-nesium.' 
Jade,  an  exceedingly  hard  stone,  brought  from  New  Zealand,  is  a 
silicate  of  magnesium  and  aluminium  :  its  green  colour  is  due  to 
cliromium.  A  ugite  and  hornblende  are  essentially  double  silicates  of 
magnesia  and  hme,  in  which  the  magnesia  is  more  or  less  replaced 
by  its  isoniorphous  substitute,  ferrous  oxide. 


Magnesium  salts  are  isomosphous  with  zinc  salts,  ferrous  salts, 
cupnc  salts,  cobalt  salts,  and  nickel  salts,  &c. ;  they  are  usuaUy 
TOlonrless,  and  are  easily  recognised  by  the  following  characters  :— 
A  gelatmous  white  precipitate  vdth  caustic  alkalis,  includLng 
ammomcc,  insoluble  in  excess,  but  soluble  in  solution  of  sal-ammoniac. 
A  white  precipitate  with  potassium  and  sodium  carbonates,  but  none 
with  ammonium  carbonate  in  the  cold.  A  white  crystalline 
precipitate  with  soluble  phosphates,  on  the  addition  of  a  little 
ammonia. 


ZINC. 

Atomic  weight,  65-2.  Sjinbol,  Zn. 
Zmc  is  a  somewhat  abundant  metal :  it  is  found  in  the  state  of 
carbonate,  siHcate,  and  sidphide,  associated  with  lead  ores  in.  many 
districts,  both  m  Britain  and  on  the  Continent ;  large  suppKes  are 
obtamed  from  SHesia,  and  from  the  neighbourhood  of  Aachen  The 
native  carbonate,  or  calamine,  is  the  most  valuable  of  the  zinc  ores,  and 
13  preferred  for  the  extraction  of  the  metal :  it  is  fu-st  roasted  to  expel 
water  and  carbonic  acid,  then  mLxed  with  fragments  of  coke  or  char- 
coal, and  cbstilled  at  a  full  red  heat  in  a  large  earthen  retort :  carbon 
monoxide  escapes,  while  the  reduced  metal  volatilises  and  is  con- 
densed by  suitable  means,  generally  vdth  minute  quantities  of  arsenic. 

^-inc  is  a  blmsh-white  metal,  which  slowly  tarnishes  in  the  air : 
itnas  a  lameUar,  crystalline  structure,  a  density  varying  from  6-8 

I  ■  "°  ordinary  circumstances,  brittle.  Between  120° 
and  150  it  IS  on  the  contrary,  malleable,  and  may  be  rolled  or 
Hammered  without  danger  of  fracture  ;  and,  what  is  very  remarkable, 
alter  such  treatment,  it  retains  its  maUeability  when  cold  ;  the  sheet- 
zmc  ot  commerce  is  thus  made.  At  210°  it  is  so  brittle  that  it  may  be 
reduced  to  powder.  At  412°  it  melts  ;  at  a  bright  red  heat  it  boils 
and  voiatihses,  and,  if  air  be  admitted,  bums  with  a  splendid  greenish 
light,  generating  the  oxide.  Dilute  acids  dissolve  zinc  very  readHy  • 
It  IS  constantly  employed  in  this  manner  for  preparing  hydrogen  gas' 
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Zinc  is  a,  dyad  metal,  forming  only  one  class  of  compounds. 

The  chloride,  ZnClj ,  may  be  prepared  by  heating  metallic  zinc  in 
chlorine  :  by  distilling  a  mixtiu-e  of  zinc-liliDgs  and  corrosive 
sublimate  ;  or,  more  easily,  by  dissolving  zinc  in  hydrochloric  acid. 
It  is  a  nearly  white,  translucent,  fusible  substance,  very  soluble  in 
water  and  alcohol,  and  very  deliquescent.  A  .strong  solution  of  zinc 
chloride  is  sometimes  iTsecl  as  a  bath  for  obtaining  a  graduated  heat 
above  100°.  Zinc  chloride  imites  with  sal-ammoniac  and  potassium 
chloride  to  form  double  salts  :  the  foi-mer  of  these,  made  by  dissolvdng 
zinc  in  hydrochloric  acid,  and  then  adding  an  equivalent  quantitj'' 
of  sal-ammoniac,  is  vevj  usefid.  in  tinning  and  soft-soldering  copper 
and  iron. 

The  oxide,  ZnO,  is  a  strong  base,  forming  salts  isomorphous  with 
the  magnesium  salts.  It  is  prepared  either  by  burning  zinc  in 
atmospheric  air,  or  by  heating  the  carbonate  to  redness.  Zinc  oxide 
is  a  white,  tasteless  powder,  insoluble  in  water,  but  freely  dissolved 
by  acids.  Wlien  heated  it  is  yelloM'',  but  tirrns  white  again  on 
cooling.  It  is  getting  into  use  as  a  substitute  for  white  lead.  To 
prepare  zinc- white  on  a  large  scale,  metallic  zinc  is  volatilised  in 
large  earthen  mirffles,  whence  the  zinc  vapour  passes  into  a  small 
receiver  (guerite),  where  it  comes  in  contact  with  a  current  of  air 
and  is  oxidised.  The  zinc  oxide  thus  formed  passes  immediately 
into  a  condensing  chamber  divided  into  several  compartments  by 
cloths  suspended  within  it. 

The  sulphate,  ZnS04.7H20,  commonly  called  Wliite  Vitriol. — 
This  salt  is  hardly  to  be  distinguished  by  the  eye  from  magnesium 
sulphate  :  it  is  prepared  either  by  dissolving  the  metal  in  dilute 
sulphuric  acid,  or,  more  economically,  by  roasting  the  native 
sulphide,  or  blende,  which,  by  absorption  of  oxygen,  becomes  in  great 
part  converted  into  sulphate.  The  altered  mineral  is  thro\\Ti  hot 
into  water,  and  the  salt  obtained  by  evaporating  the  clear  solution. 
Zinc  sulphate  has  an  astringent  metallic  taste,  and  is  used  in 
medicine  as  an  emetic.  The  crystals  dissolve  in  2-|  parts  of  cold, 
and  in  a  much  smaller  quantity  of  hot  water.  Crystals  containing 
6  molecules  of  water  have  been  observed.  Zinc  siilphate  forms  double 
salts  with  the  sulphates  of  potassium  and  ammonium,  namelv, 
ZnK2(S04)2.6H20  and  Zn(NH4)2(SOj2.6H20,  isomorphous  with  the 
corresponding  magnesiimi  salts. 

The  carbonate,  ZnCOj,  is  found  native  ;  the  white  precipitate 
obtained  by  mixing  solutions  of  zinc  and  of  alkaline  carbonates,  is  a 
combination  of  carbonate  and  hydi'ate.  When  heated  to  redness,  it 
yields  pure  zinc  oxide. 

The  sulphide,  ZnS,  occurs  native,  as  blende,  in  regular  tetrahedrons, 
dodecahedrons,  and  other  monometric  foi-ms,  and  of  various  colours, 
from  white  or  yellow  to  bro^ftTi  or  black,  according  to  its  degree  of 
purity  :  it  is  a  valuable  ore  of  zinc.  A  variety,  called  black  jach\ 
occurs  somewhat  abundantly  in  Derbyshire,  Cumberland,  and  Corn- 
wall. A  hydrated  sulphate,  ZnS.H20,  is  obtained  as  a  white  precipi- 
tate on  adding  an  alkaline  sulphide  to  the  solution  of  a  zinc  salt. 


ZINC. 


413 


Zinc  salts  are  distingnished  by  the  follo\\'ing  characters  : — Camtic 
2Mtash,  soda  and  ammonia,  give  a  white  precipitate  of  hytbate, 
freely  soluble  in  excess  of  the  alkali.  Potassiim  and  sodium 
carbonates  give  white  precipitates,  insoluble  in  excess.  Ammonium 
airbonate  gives  also  a  white  precipitate,  which  is  redissolved  by  an 
excess.  Potassium  ferrocyanide  gives  a  white  precipitate.  Hydrogen 
sulphide  causes  no  change  in  zinc  solutions  containing  free  mineral 
acids ;  but  in  neutral  solutions,  or  with  zinc  salts  of  organic  acids, 
such  as  the  acetate,  a  white  precipitate  is  formed.  Ammonium 
sulphide  throws  do^vn  white  sulphide  of  zinc,  insoluble  in  caustic 
alkalis.  The  formation  of  tMs  precipitate  in  a  solution  contaiuing 
excess  of  caustic  alkali,  serves  to  distinguish  zinc  from  all  other 
metals.  . 

AU  zinc  compoimds,  heated  on  charcoal  wdth  sodium  carbonate 
in  the  inner  blowjjipe  flame,  give  an  incrustation  of  ziuc  oxide, 
which  is  yellow  while  hot,  but  becomes  white  in  cooling.  If  this 
incrustation  be  moistened  with  a  ddute  solution  of  cobalt  nitrate, 
and  strongly  heated  in  the  outer  flame,  a  fine  green  colour  is  pro- 
duced. 


The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  the 
construction  of  water  channels,  &c.,  are  well  known  ;  it  is  sufficiently 
durable,  but  inferior  in  this  respect  to  copper.  It  is  much  used  also 
for  protecting  ii-on  and  copper  from  oxidation  when  immersed  in 
saline  solutions,  such  as  sea-water,  or  exposed  to  damp  air.  This  it 
does  by  forming  an  electric  circiut,  in  wliich  it  acts  as  the  positive 
or  more  oxidable  metal  (p.  287).  Galvanised  iron  consists  of  ii'on 
having  its  surface  coated  with  zinc. 


CADMIUM. 

Atomic  weight,  112.    Symbol,  Cd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermann: 
it  accompanies  the  ores  of  zinc,  especially  those  occuning  in  Silesia, 
and,  being  more  volatile  than  that  substance,  rises  first  in  vapour 
when  the  calamine  is  subjected  to  distillation  ynth.  charcoal. 
Cadmium  resembles  tin  in  colour,  but  is  somewhat  harder  ;  it  is 
very  malleable,  has  a  density  of  8-7,  melts  below  260°,  and  is  nearly 
as  volatile  as  mercury.  It  tarnishes  but  little  in  the  air,  but  burns 
when  strongly  heated.  Dilute  sulphuric  and  hydi-ochloric  acids  act 
but  little  on  cadmium  in  the  cold ;  nitric  acid  is  its  best  solvent. 

The  observed  vapour-density  of  cadmium  is  3-94:  compared  with 
air,  or  56-3  compared  with  hydrogen,  which  latter  number  does 
not  differ  greatly  from  the  haU'  of  112,  the  atomic  weight  of  the 
metal :  hence  it  appears  that  the  atom  of  cadmium  in  the  state  of 
vapour  occupies  twice  the  space  of  an  atom  of  hydi-ogen  (p.  250). 
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Cadmium,  like  zinc,  is  dyadic,  and  forms  tut  one  series  of  com- 
pounds. The  oxide,  CdO,  may  be  prepared  by  igniting  either  the 
carbonate  or  the  nitrate  :  in  the  former  case  it  has  a  pale-brown 
coloiu',  and  in  the  latter  a  much  darker  tint,  and  forms  octohedi-al 
microscopic  crystals.  Cadmium  oxide  is  infusible  :  it  dissolves  in 
acids,  producing  a  series  of  colourless  salts  :  it  attracts  carbonic  acid 
from  the  air,  and  turns  white.  The  sulphate,  CdS04.4H20,  is  easily 
obtained  by  dissolving  the  oxide  or  carbonate  in  dilute  sulphuric 
acid  :  it  is  very  soluble  in  water,  and  forms  double  salts  with  the 
sulphates  of  potassium  and  ammonium,  which  contain  respectively 
CdK2(SO,)2.6H20  and  Cd(NH4)2(SO,)2.6H20  The  chloride,  CdCU, 
is  a  very  soluble  salt,  crystallising  in  small  four-sided  prisms. 
The  sulphide,  CdS,  is  a  very  characteristic  compound,  of  a  bright 
yeUow  colour,  forming  microscopic  crystals,  fusible  at  a  high  tempera- 
ture. It  is  obtained  by  passing  sulphm-etted  hycbogen  gas  thi-ough 
a  solution  of  the  sulphate,  nitrate,  or  chloride.  This  compoimd  is 
used  as  a  yellow  pigment,  of  great  beauty  and  permanence.  It 
occurs  native  as  greenochite. 


Fixed  caustic  alkalis  give  with  cadmium  salts  a  white  precipitate 
of  hydrated  oxide,  insoluble  in  excess.  Ammonia  gives  a  similar 
white  precipitate,  readily  soluble  in  excess.  The  fixed  alkalim 
carbonates,  and  ammonia  carbonate,  throw  down  white  cadmium 
carbonate,  insoluble  in  excess  of  either  precipitant.  Hydrogen 
sulphide  and  ammonium  sulphide  precipitate  the  yeUow  sulphide  of 
cadmium. 


GROUP  III. 
COPPER. 

Atomic  weight,  63 '4.    Symbol,  Cu  (Cuprum). 

Copper  is  a  metal  of  great  value  in  the  arts':  it  sometimes  occors 
in  the  metallic  state,  crystallised  in  octohedrons,  or  more  frequentlv 
in  dodecahedrons,  but  is  more  abundant  ia  the  form  of  red  oxide, 
and  in  that  of  sulphide  combined  -mth  sulphide  of  ii-on,  as  yellaio 
copper  ore  or  cop2Jer  pyrites.  Large  quantities  of  the  latter  substance 
are  annually  obtained  from  the  Cornish  mines,  and  taken  to  South 
Wales  for  reduction,  which  is  effected  by  a  somewhat  complex  pro- 
cess. The  principle  of  this  may,  lio  wever,  be  easily  made  intelligible. 
The  ore  is  roasted  in  a  reverberatory  furnace,  by'which  much  of  the 
iron  sulphide  is  converted  into  oxide,  while  the  copper  sulphide 
remains  imaltered.  The  product  of  this  operation  is  then  stronglv 
heated  with  siLicioiis  sand  ;  the  latter  combines  vdth.  the  iron  oxide 
to  a  fusible  slag,  and  separatee  from  the  heavier  copper  compoimd. 
When  the  iron  has,  by  a  repetition  of  these  processes,  been  got  rid 
of,  the  copper  sulphide  begins  to  decompose  in  the  ilame-furnace, 
losing  its  sulphur  and  absorbing  oxygen  ;  the  temperature  is  then 
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raiised  sufficiently  to  reduce  the  oxide  thus  produced,  by  the  aid  of 
carbonaceous  matter.  The  last  part  of  the  operation  consists  in 
thrusting  into  the  melted  metal  a  pole  of  birch- wood,  the  object  of 
which  is  probably  to  reduce  a  little  remaining  oxide  by  the 
combustible  gases  thus  generated.  Large  quantities  of  extremely 
A'aluable  ore,  cliietly  carbonate  and  red  oxide,  have  lately  been 
obtained  from  South  Australia  and  Chile. 

Copper  has  a  well-known  yellowish-red  colour,  a  specific  gravity 
of  S-96,  and  is  very  malleable  and  ductile  :  it  is  an  excellent  conductor 
of  heat  and  electricity  :  it  melts  at  a  bright  red  heat,  and  seems  to 
be  slightly  volatile  at  a  very  high  temperature.  Copper  undergoes 
no  change  in  chy  aii- :  exposed  to  a  moist  atmosphere,  it  becomes 
covered  with  a  strongly  adherent  green  crust,  consisting  in  a  great 
measure  of  carbonate.  Heated  to  redness  in  the  air,  it  is  qiuckly 
oxidised,  becoming  covered  with  a  black  scale.  Dilute  sulphmic 
and  hydrochloric  acids  scarcely  act  upon  copper  ;  boiling  oil  of 
vitriol  attacks  it,  with  evolution  of  sidphurous  oxide  ;  nitric  acid, 
even  clQute,  dissolves  it  readily,  with  evolution  of  nitrogen  cUoxide.r 
Copper,  in  its  most  stable  compounds,  the  cupric  compoimds,  is 
bi  valent,  these  compoimds  containing  1  atom  of  the  metal  combined 
with  2  atoms  of  a  imivalent,  or  1  atom  of  a  bivalent  negative  radicle, 
e.g.,  CuCla,  CuO,:Cu(N03)2,  CuSO^,  &c.  It  also  forms  another  series, 
the  cuprous  compomids,  in  which  it  may  be  regarded  as  imivalent, 
e.g.,  CuCl,  CiioO,  &c.,  like  silver  in  the  argentic  compounds.  On  the 
other  hand,  the  cuprous  compoimds  may  be  supposed  to  be  formed 
by  addition  of  copper  to  the  cupric  compounds,  the  metal  still 

CuCl 

remaining    bivalent,    thus    cuprous    chloride,    CugClg  =   |  ; 

Cu.  CaCl 
cuprous  oxide,    CugO  =  ^  ^  0.    These  compoimds   are  very 

unstable,  being  easily  converted  iato  cupric  compounds  by  the  action- 
of  oxidising  agents.  ' 

•  Copper  Chlorides.— (Titpnc  cUoride,  CuClg,  is  most  easily  prepared 
by  dissolving  cupric  oxide  in  hydrochloric  acid,  and  concentrating 
the  green  solution  thence  resulting.  It  forms  green  crystals,  CuCLj. 
SHgO,  very  soluble  in  water  and  in  alcohol :  it  colours  the  flame  of 
the  latter  green.  When  gently  heated,  it  parts  with  its  water  of 
crystaUisation  and  becomes  yellowish-brown  ;  at  a  high  temperature 
it  loses  half  its  chlorine,  and  becomes  converted  iuto  cuprous  chloride. 
The  latter  is  a  white  fusible  substance,  but  Little  soluble  in  water, 
and  prone  to  oxidation  :  it  is  formed  when  copper-filings  or  copper- 
leaf  are  put  into  chlorine  gas  ;  also  by  precipitating  a  solution  of 
cupric  chloride  or  other  cupric  salt  with  stannous  chloride  : 
2CuCl2  +  SnClg  =  CU2CI2  +  SnCl^. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel 
containing  air,  becomes  covered  with  white  tetrahedrons  of  cuprous 
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chloride.  This  compound  dissolves  in  hydrochloric  acid,  forming  a 
colourless  solution,  which  gradually  turns  blue  on  exposure  to  the 
air. 

A  hydrated  cv/pric  oxychloride,  CuClg-SCuHgOg,  occurs  native  as 
atacamite. 

Both  the  chlorides  of  copper  form  double  salts  with  the  chlorides 
of  the  alkali-metals. 

Cuprous  Hydride,  CujHg. — When  a  solution  of  cupric  sulphate 
is  heated  to  about  70°,  with  hypophosphorous  acid,  this  compound  is 
deposited  as  a  yellow  precipitate,  wMch  soon  turns  red-bro^\Ti.  It 
gives  oif  hydrogen  when  heated,  takes  fire  in  chlorine  gas,  and  is 
converted  by  hydrochloric  acid  into  cuprous  chloride,  with  evolution 
of  a  double  quantity  of  hydrogen,  the  acid  giving  up  its  hydrogen 
as  well  as  the  copper  hydride  : 

CU2H2  +  2HC1  =  CugCl^  +  2H2. 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two 
atoms  of  the  same  element  to  form  a  molecule  (see  page  259). 

Copper  Oxides. — Two  oxides  of  copper  are  known,  corresponding 

with  the  chlorides  ;  and  a  very  mistable  dioxide  or  peroxide,  CuOg, 
is  said  to  be  formed,  as  a  yellowish  brown  powder,  by  the  action  of 
hydrogen  dioxide  on  cupric  hydrate. 

Copper  Monoxide,  Cupric  Oxide,  or  Black  Oxide  of  Copper,  CuO,  is 
pre]3ared  by  calcining  metallic  copper  at  a  red  heat,  with  full 
exposure  to  air,  or,  more  conveniently,  by  heating  the  nitrate  to  red- 
ness, which  then  suffers  complete  decomposition.  Cupric  salts  mixed 
with  caustic  alkali  in  excess,  yield  a  bulky  pale  blue  precipitate  of 
hydrated  cupric  oxide,  or  cupric  hydrate,  CuHjOj  or  CuO.HgO, 
which,  when  the  whole  is  raised  to  the  boiling  point,  becomes 
converted  into  a  heavy  dark  brown  powder :  this  also  is  anhydrous 
oxide  of  copper,  the  hydrate  suffering  decomposition,  even  in  contact 
with  water.  The  oxide  prepared  at  a  high  temperature  is  perfectly 
black  and  very  dense.  Cupric  oxide  is  soluble  in  acids,  and  forms  a 
series  of  very  important  salts,  isomorphous  with  magnesium  salts. 

Cuprous  Oxide,  CugO,  also  called  Red  Oxide  and  Suboxide  of  Coppcfr. 
• — This  oxide  m.a.j  be  obtained  by  heating  in  a  covered  crucible  a 
niixtiue  of  5  parts  of  black  oxide  and  4  parts  of  fine  copper  filings  ; 
or  by  adding  grape  sugar  to  a  solution  of  cupric  sulphate,  and  then 
putting  in  an  excess  of  caustic  potash  ;  the  blue  solution,  heated  to 
ebullition,  is  reduced  by  the  sugar,  and  deposits  cuprous  oxide. 
This  oxide  often  occru's  in  beautiful  transparent  ruby-red  crystals, 
associated  with  other  ores  of  copper,  and  can  be  obtained  in  the  same 
state  by  artificial  means.  It  communicates  to  glass  a  magnificent 
red  tint,  while  that  given  by  cupric  oxide  is  green. 

Cuprous  oxide  dissolves  in  excess  of  hydrochloric  acid,  forming  a 
solution  of  cuiDrous  chloride,  from  which  that  compoundisprecipitated 
on  dilution  with  water.  Most  oxygen  acids,  namely,  siilphuric, 
phosphoric,  acetic,  oxalic,  tartaric,  and  citric  acids,  decompose 
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,  aprons  oxide,  forming  cupric  salts,  and  separating  metallic  copper  ; 
nitric  acid  converts  it  into  cnpric  nitrate.  Hence  there  are  but  few 
cuprous  oxygen-salts,  none  indeed  excepting  the  sulphites,  and 
certain  double  sulphites  formed  by  mixing  a  cupric  solution  with 

^i^^^^lll'xo^^?  °^  ii^^  alkali-metal,  e.g.,  ammonio-cuprous  sidphite 
Cu(NHJS03  or  Cu2(NH,)2(S03)2.  ^ 

Cupric  Oxysalts.— The  sulphate,  CuSO^.SH^O,  commonly  called 
blue  mtriol,  is  prepared  by  dissolving  cupric  oxide  in  sulphuric  acid 
01^  at  less  expense,  by  oxidising  the  sulphide.    It  forms  large  blue 
trichmc  prisms,  soluble  in  four  parts  of  cold  and  two  parts  ofboilino- 
water;  when  heated  to  100°  it  readily  loses  four  molecules  of 
crystallisation-water,  but  the  fifth  is  retained  with  great  pertinacity 
and  IS  expelled  only  at  a  low  red  heat.    At  a  very  high  temperature 
cupric  sulphate  is  entirely  converted  iuto  cupric  oxide,  with  evolution 
ot  sulphiirous  oxide  and  oxygen.    Cupric  sulphate  combines  with 
the  sulphates  of  potassium  and  of  ammonium,  forming  pale-blue 
salts,  CuK2(SO,)2.6H20  and  CuCNHJgCSOJ^.eH^O,  isomorphous  with 
the  correspondmg  magnesium  salts. 

Cupric  Nitrate,  Cu(N03)2.3H20,  is  easily  made  by  dissolving  the 
metal  m  mtric  acid ;  it  forms  deep  blue  crystals,  very  soluble  and 
deliquescent.  It  is  highly  corrosive.  An  insoluble  basic  nitrate  is 
KUown  ;  it  IS  green. 

Cupric  Carbonates.— When  sodium  carbonate  is  added  in  excess  to 
a  solution  of  cupnc  siUphate,  the  precipitate  is  at  first  pale-blue  and 
tlocculent,  but  by  wanmng  it  becomes  sandy,  and  assumes  a  green 
tint ;  in  this  state  it  contains  CuC03.CuH202-f-aq.  This  substance 
IS  prepared  as  a  pigment.  The  beautiful  mineral  malachite  has  a 
similar  composition,  but  contains  no  water  of  crystallisation  its 
composition  being  CuCOa.CuH^O^.  Anothernatural  compoimd,  caUed 
azur^te  not  yet  artificiaUy  imitated,  occurs  in  large  transparent 
crystals  ol  the  most  intense  blue  :  it  contains  2CuC0,.CiiH„0„ 
j^erchter,  made  by  decomposing  cupric  nitrate  with  chalk,  is  said 
however,  to  have  a  somewhat  similar  composition. 

Cupric  Arsenite  is  a  bright  green  insoluble  powder,  prepared  bv 
nnxmg  the  solutions  of  a  cupric  salt  with  an  alkaline  arsenite. 

Copper  Sulphides.— There  are  two  well-defined  copper  sulphides 
analogous  in  composition  to  the  oxides,  and  four  othera,  containing 
larger  proportions  of  sulphur,  but  of  less  defined  constitution  ;  these 
p^ntasSphick'''^'^''''     ^""^  solutions  of  cupric  salts  by  potassium 

Gwpric  Sulphide,  CnS,  occurs  native  as  vndigo  copper  or  covellin,  in 
sott  blmsh-black  hexagonal  plates  and  spheroidal  masses,  and  is 
sulphkle  ''^'^^^'''^y       precipitating  cupric  salts  with  hydrogen 

Cuprous  Sulphide,  Cu^S,  occurs  native  as  copper-glance  or  redruth- 
%te,  m  lead-grey  hexagonal  prisms,  belonging  to  the  rhombic  system  i 
It  13  produced  artificially  by  the  combustion  of  copper-foH  in  sulphu^ 
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vapour,  by  igniting  cupric  oxide  with  sulpliur,  and  by  other  methods. 
It  is  a  powernJ.  sulphur-base,  uniting  with  the  sulphides  of  antimony, 
arsenic,  and  bismuth,  to  form  several  natural  minerals.  The  several 
varieties  of  fahl-ore,  or  tetrahedrite,  consist  of  cuprous  sulphanti- 
monite  or  sulpharsenite,  in  which  the  copper  is  more  or  less  replaced 
by  equivalent  quantities  of  iron,  zinc,  silver,  and  mercury.  The 
important  ore,  called  copper-pyrites,  is  a  cuproso-ferric  sulphide, 
Cu'Fe'"S2  or  Cu2S.Fe2S3,  occm-ring  in  tetrahedral  crystals  of  the 
quadratic  system,  or  m.  irregular  masses.  Another  species  of  copper 
and  iron  sulphide,  containing  various  proportions  of  the  two  metals, 
occurs  native,  as  purple  copper  or  eruhescite,  in  cubes,  octohedrons,  and 
other  monometric  forms. 

Ammordacal  Copper-compounds. — The  chlorides,  sulphate, 
nitrate,  and  other  salts  of  copper,  unite  with  one  or  more  molecules 
of  ammonia,  forming,  for  the  most  part,  crystalline  compoxmds  of 
blue  or  green  colom-,  some  of  which  may  be  regarded  as  salts  of 
metallammoniums  (p.  363).  Thus  cupric  chloride  forms  with  am- 
monia, the  compounds,  2NH3.CUCI2,  4NH3.CUCI2,  and  eNHg.CuCLj, 
the  first  of  Avliich  may  be  formulated  as  cupro-diammonimn  chloride, 
(N2HgCu''')Cl2.  Cupric  sulphate  forms,  in  lite  manner,  cupro- 
diammonium  sulphate,  Q^^^.C^i!')^0^,  which  is  a  deep  blue  crystal- 
line salt.  Cuprous  iodide  forms  with  ammonia  the  compound, 
4NH3.CU2I2. 


Caustic  potash  gives  with  cupric  salts  a  pale  blue  precipitate  of 
cupric  hydrate,  changing  to  blacMsh-brown  anhydrous  oxide  on 
boiling. — Ammonia  also  throws  clown  the  hydrate ;  but,  when  in 
excess,  redissolves  it,  yielding  a  deep  purplish-blue  solution. — 
Potassium  and  sodium  carbonates  give  pale  blue  precipitates  of  cupric 
carbonate,  insoluble  in  excess. — Ammonium  carbonate  the  same,  but 
soluble  with  deep  blue  colour. — Potassium  ferrocyanide  gives  a  fine 
red-brown  precipitate  of  cupric  ferrocyanide. — Hydrogen  sulphide  and 
ammonium  sulphide  afl^ord  black  cupric  sulphide,  insoluble  in 
ammonium  sulphide. 


The  alloys  of  copper  are  of  great  importance.  Brass  consists  of 
copper  alloyed  with  from  28  to  34  per  cent,  of  zinc ;  the  latter  may 
be  added  directly  to  the  melted  copper,  or  granulated  copper  may  be 
heated  with  calamine  and  charcoal-powder,  as  in  the  old  process. 
Gun-metal,  a  most  valuable  alloy,  consists  of  90  parts  copper  and  10 
tia.  Bell  and  speculum  metal  contain  a  still  larger  proportion  of  tin  ; 
these  are  brittle,  especially  the  last  named.  A  good  bronze  for  statues 
is  made  of  91  parts  copper,  2  parts  tin,  6  parts  zinc,  and  1  part  lead. 
The  brass  or  bronze  of  the  ancients  is  an  alloy  of  copper  with  tin, 
often  also  containing  lead,  and  sometimes  zinc. 
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MERCURY. 

Atomic  weight,  200.    Symbol,  Hg  (Hydrargyrum). 

This  very  remarkable  metal,  sometimes  called  quicksilver,  has  been 
known  from  early  times,  and  perhaps  more  than  all  others  has  excited 
the  attention  and  curiosity  of  experimenters,  by  reason  of  its  pecnliar 
physical  properties.  _  Mercury  is  of  great  importance  in  several  of 
the  arts,  and  enters  into  the  composition  of  many  valuable  medica- 
ments. 

Metallic  mercury  is  occasionally  met  with  in  globiJes  disseminated 
through  the  native  sulphide,  which  is  the  ordinary  ore.  This 
latter  substance,  sometimes  called  cinnabar,  is  found  in  considerable 
quantity  in  several  localities,  of  which  the  most  celebrated  are 
Almaden  in  Spain,  and  Idria  in  Austria.  Only  recently  it  has 
been  discovered  in  great  abundance,  and  of  remarkable  purity,  in 
California  and  Australia.  The  metal  is  obtained  by  heating  the 
sulphide  in  an  iron  retort  with  lime  or  scraps  of  iron,  or  by  roast- 
ing it  in  a  furnace,  and  conducting  the  vapours  into  a  large  chamber, 
where  the  mercury  is  condensed,  while  the  sulphurous  acid  is 
allowed  to  escape.  Mercury  is  imported  into  this  coimtry  in  bottles 
of  hammered  iron,  containing  seventy-five  pounds  each,  and  in  a 
state  of  considerable  purity.  When  purchased  in  smaller  quantities, 
it  IS  sometimes  found  adulterated  with  tin  and  lead,  which  metals 
it  dissolves  to  some  extent  without  much  loss  of  fluidity.  Such 
admixture  may  be  known  by  the  foul  surface  the  mercury  exhibits 
when  shaken  in  a  bottle  containing  air,  and  by  the  globules,  when 
made  to  roll  upon  the  table,  leaving  a  train  or  tail. 

Merciu-y  has  a  nearly  sUver-white  colour,  and  a  very  high  degree 
of  lustre  :  it  is  liquid  at  all  ordinary  temperatures,  and  solidifies  only 
when  cooled  to  -  40°.  In  this  state  it  is  soft  and  malleable.  At  350° 
It  boils,  and  yields  a  transparent,  colourless  vapoiu-,  of  great  density. 
The  metal  volatilises,  however,  to  a  sensible  extent  at  all  tempera- 
tures above  19°  or  21° ;  below  this  point  its  volatility  is  imper- 
ceptible. The  volatility  of  mercury  at  the  boiling  heat  is  much 
retarded  by  the  presence  of  minute  quantities  of  lead  or  zinc  The 
specific  gravity  of  mercury  at  15-5°  is  13-59  ;  that  of  frozen  mercury 
about  14,  great  contraction  taking  place  in  the  act  of  solidification. 

Pure  mercury  is  quite  unalterable  in  the  air  at  common  tempera- 
TOres,  but  when  heated  to  near  its  boiling  point,  it  slowly  absorbs 
oxygen,  and  becomes  converted  into  a  crystalline  dark-red  powder, 
which  18  the  highest  oxide.  At  a  duU  red  heat  this  oxide  is  again 
decomposed  into  its  constituents.  Hycbochloric  acid  has  littie  or  no 
action  on  merciu-y,  and  the  same  may  be  said  of  sulphuric  acid  in  a 
diluted  state  :  when  the  latter  is  concentrated  and  boUiag  hot,  it 
oxidises  the  metal,  converting  it  into  mercuric  sulphate,  with  evolu- 
tion ot  sulphittous  oxide.  Nitiic  acid,  even  dilute  and  in  the  cold 
dissolves  mercury  freely,  with  evolution  of  nitrogen  dioxide. 
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The  observed  vapour-density  of  mercmy  referred  to  air  as  unity  is 
6'7  ;  this  referred  to  hydrogen  is  nearly  100  ;*  that  is  to  say,  half  the 
atomic  weight  of  the  metal :  consequently  the  atom  of  mercmy,  like 
that  of  cadmium,  occupies  in  the  gaseous  state  twice  the  volume  of 
an  atom  of  hydrogen  (see  page  251). 

Mercmy  forms  two  series  of  compounds,  namely,  the  mercuric 
compounds,  in  which  it  is  bivalent,  as  HgClg,  HgO,  HgS04,  &c,, 
and  the  mercurous  compounds,  in  which  it  is  apparently 
univalent,  as  HggClg,  Hg20,  &c.  These  compoimds  are  analogous  in 
constitution  to  the  cupric  and  cuprous  compounds  ;  and  the  mercm- 
■ous  compounds,  like  the  latter,  are  easily  converted  into  mercuric 
compounds  by  the  action  of  oxidising  agents,  which  remove  one  atom 
of  mercmy  ;  but  they  are,  on  the  whole,  much  more  stable  than  the 
cuprous  compounds. 

Mercury  Chlorides. — Mercuric  chloride,  HgClj,  commonly  called 
Corrosive  Sublimate. — This  compound  may  be  obtained  by  several 
different  processes:  (1.)  When  metallic  mercmy  is  heated  in  chlorine 
gas,  it  takes  fire  aad  bmiis,  producing  this  substance.  (2.)  It  may 
be  made  by  dissolving  mercmic  oxide  in  hot  hydrochloric  acid, 
crystals  of  corrosive  sublimate  then  separating  on  cooling.  (3.)  Or, 
more  economically,  by  subliming  a  mixtme  of  equal  parts  of  mercmic 
sulphate  and  dry  common  salt ;  and  this  is  the  plan  generally 
followed.    The  decomposition  is  represented  by  the  equation  ; 

HgSO^  +  2NaCl  =  HgClg  +  NajSO^. 

Sublimed  mercmic  chloride  forms  a  white  transparent  crystalline 
mass,  of  specific  gravity  5*43  ;  it  melts  at  265°,  boils  at  295°,  and 
volatilises  somewhat  more  easily  than  calomel,  even  at  ordinary 
temperatitres.  Its  observed  rapour-density,  referred  to  hydrogen  as 
unity,  is  140  :  and  the  density  calculated  from  the  formula  HgCl^, 
supposing  that  the  molecule  occupies  the  same  space  as  a  molecule 

200  +  2  .  35'5 

or  two  atoms  of  hydrogen,  p.  251  is   g—        =135'5;  the  near 

agreement  of  this  number  with  the  observed  result  shows  that  the 
vapom  is  in  the  normal  state  of  condensation. 

Mercmic  chloride  dissolves  in  16  parts  of  cold  and  3  parts  of 
boiling  water,  and  crystallises  from  a  hot  solution  in  long  white 
prisms.  Alcohol  and  ether  also  dissolve  it  with  facility  ;  the  latter 
even  withdraws  it  from  a  watery  solution. 

Mercmic  chloride  combines  with  a  great  number  of  other  metallic 
chlorides,  forming  a  series  of  beautiful  double  salts,  of  which  the 
ancient  sal  alembroth  may  be  taken  as  a  good  example :  it  contains 
IIgCl2.2NH4Cl.H2O.  Corrosive  sublimate  absorbs  ammoniacal  gas 
with  great  avidity,  generating  the  compound  HgCla.NHj. 

Mercmic  chloride  forms  several  comjDomids  with  mercmic  oxide. 
These  are  produced  by  sei^eral  processes,  as  when  an  alkaUne  car- 

*     ^"^    -  98-3  ■ 
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bonate  is  added  in  varying  proportions  to  a  solution  of  mercuric 
chloride.  They  differ  greatly  in  coloiu-  and  physical  character,  and 
are  mostly  decomposed  by  water. 

Merciu-ic  chloride  forms  insoluble  compounds  -with  many  of  the 
azotised  organic  piinciples,  as  albumin,  &c.  It  is  perhaps  to  this 
property  that  its  strong  antiseptic  properties  are  due.  Animal  and 
vegetable  substances  are  preserved  by  it  from  decay,  as  in  Kyan's 
method  of  preser  ving  timber  and  cordage.  Albumin  is  on  this  accoimt 
an  excellent  antidote  to  corrosive  sublimate  in  cases  of  poisoning. 

Mercuroiis  Chloride,  HgaClg,  commonly  called  Calomel— This  very 
important  substance  may  be  easily  and  well  prepared  by  pouring  a 
solution  of  mercurous  nitrate  into  a  large  excess  of  dilute  solution 
of  common  salt.  It  falls  as  a  dense  white  precipitate,  quite  insoluble 
in  water ;  it  must  be  thoroughly  washed  with  boiling  distilled  water, 
and  dried.  Calomel  is,  however,  generally  procured  by  another  and 
more  complex  process.  Dry  mercmic  sulphate  is  rubbed  in  a  mortar 
with  as  much  metallic  mercury  as  it  already  contains,  and  a  quantity 
of  common  salt,  until  the  globules  disappear,  and  an  uniform  mixture 
has  been  produced.  This  is  subjected  to  sublimation,  and  the  vapour 
of  the  calomel  being  carried  into  an  atmosphere  of  steam,  or  into  a 
chamber  containing  air,  is  thus  condensed  in  a  minutely  divided 
state,  and  the  laborious  process  of  pulverisation  of  the  subUmed 
mass  is  avoided.    The  reaction  is  thus  explained  : 

HgSO,  +  Hg  +  2NaCl  =  Hg^Cl^  +  NaaSO^. 

Pure  calomel  is  a  heavy,  white,  insoluble  tasteless  powder  :  it  rises 
in  vapour  at  a  temperature  below  redness,  and  is  obtained  by 
ordinary  sublimation  as  a  yellowish  white  crystalline  mass.  It  is  as 
insoluble  in  cold  dilute  nitric  acid  as  silver  chloride ;  boiling-hot 
strong  nitric  acid  oxidises  and  dissolves  it.  Calomel  is  instantly 
decomposed  by  an  alkali,  or  by  lime-water,  with  production  of 
mercurous  oxide.  It  is  sometimes  apt  to  contain  a  little  mercuric 
chloride,  which  would  be  a  very  dangerous  contamination  in 
calomel  employed  for  medical  purposes.  This  is  easily  discovered 
by  boiling  with  water,  filtering  the  liquid,  and  adding  caustic  potash. 
Any  corrosive  sublimate  is  indicated  by  a  yellow  precipitate. 

The  observed  vapour-density  of  calomel  referred  to  hydrogen  as 
unity,  IS  119-2.  Now  the  formida  HgjCla,  if  it  represents  a  molecule 
occupying  in  the  gaseous  state  two  volumes  (i.e.,  twice  the  volume 
of  an  atom  of  hydrogen,  p.  251),  would  give  a  density  nearly  double 

.    400  -(-  2.35-5  J  J 

of  this  :  for  =235-5.  Hence  it  might  be  inferred  that 

the  composition  of  calomel  should  rather  be  represented  by  the 
simpler  lormula  HgCl,  which  would  give  for  the  vapour-density  the 
number  117  -75.  The  frequent  decomposition  of  mercurous  salts  into 
mercuric  salts  and  free  mercury  is  however  in  favour  of  the  supposi- 
tion that  their  molecules  contain  two  atoms  of  mercury  ;  and  the 
anomaly  m  the  vapour-volume  of  calomel  may  be  explained  by 
supposing  that  the  vapour  of  this  compound,  like  that  of  many 


422 


DYAD  METALS. 


others,  undergoes  at  high  temperatures  the  change  known  as  dissocia- 
tion (p.  253),  the  two  volumes  of  mercurous  chloride,  HgjCl,,  being 
resolved  into  two  volumes  of  mercuric  chloride,  HgClg,  and  tM^o 
volumes  of  mercury,  Hg.  This  supposition  is,  to  some  extent,  war- 
ranted by  the  observation  that  calomel  vapour-  amalgamates  gold-leaf, 
and  that  corrosive  sublimate  may  be  detected  ia  resublimed  calomel. 

Iodides- — Mercuric  iodide,  Hgig,  is  formed,  when  solution  of 
potassium  iodide  is  mixed  with  mercuric  chloride,  as  a  precipitate 
which  is  at  lirst  yellow,  but  in  a  few  moments  changes  to  a  most 
brilliant  scarlet,  this  colour  being  retained  on  drying.  This  is  the 
neutral  iodide  :  it  may  be  made,  although  of  rather  duller  tint,  by 
triturating  equivalent  quantities  of  iodine  and  mercury  with  a  little 
alcohol.  In  preparing  it  by  precipitation,  it  is  better  to  weigh  out 
the  proper  proportions  of  the  two  salts,  as  the  iodide  is  soluble  in  an 
excess  of  either,  more  especially  in  excess  of  potassiimi  iodide. 
Mercuric  iodide  exhibits  a  very  remarkable  case  of  dimorphism, 
attended  with  difference  of  colour,  which  is  red  or  yellow,  according 
to  the  figure  assumed.  Thus,  when  the  iodide  is  suddenly  exposed 
to  a  high  temperature,  it  becomes  bright  yellow  throughout,  and 
yields  a  copious  sublimate  of  minute  but  brilliant  yellow  crystals. 
If  in  this  state  it  be  touched  by  a  hard  body,  it  instantly  becomes 
red,  and  the  same  change  happens  spontaneously  after  a  certain 
lapse  of  time.  On  the  other  hand,  by  a  very  slow  and  careful 
heating,  a  sublimate  of  red  crystals,  having  a  totally  different  form, 
may  be  obtained,  which  are  permanent.  The  same  kind  of  change 
happens  with  the  freshly  precipitated  iodide,  the  yellow  crystals 
first  formed  breaking  up  in  a  few  seconds,  from  the  passage  of  the  salt 
to  the  red  modification. 

Mercuric  iodide  forms  double  salts  with  the  more  basic  or  positive 
metallic  iodides,  as  those  of  the  alkali-metals  and  alkaHne  earth- 
metals;  thus  it  dissolves  in  aqueous  potassium-iodide,  and  the  hot 
solution  deposits,  on  cooling,  crystals  of  potassio-mercm-ic  iodide, 
2(KI.Hgl2).3H20.  They  are  decomposed  by  water,  with  separation 
of  about  half  the  mercuric  iodide,  the  solution  then  containing  the 
Bait,  SKI.HgIg,  which  remains  as  a  saline  mass  on  evaporation. 

Mercurous  Iodide,  Hggig,  is  formed  when  a  solution  of  potassiimi 
iodide  is  added  to  mercurous  nitrate :  it  then  separates  as  a  dirty 
yellow,  insoluble  precipitate,  with  a  tinge  of  green.  It  may  also  be 
prepared  by  rubbing  mercury  and  iodine  together  in  a  mortar  in  the 
proportion  of  1  atom  of  the  former  to  1  atom  of  the  latter,  the 
mixture  being  moistened  from  time  to  time  vnth.  alcohol. 

Oxides. — Monoxide,  or  Mercuric  Oxide,  HgO,  commonly  called  Bed 
Oxide  of  Mercury,  or  Bed  Precipitate. — There  are  numerous  methods 
by  which  this  compoimd  may  be  obtained.  The  following  may  be 
cited  as  the  most  important :  (1.)  By  exposing  mercmy  in  a  glass 
flask  -with  a  long  narrow  neck,  for  several  weeks,  to  a  temperature  • 
approaching  315°.  The  product  has  a  dark  red  colour,  and  is  highly 
crystalliae ;  it  is  the  red  precipitate  of  the  old  waiters.    (2.)  By 
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ca\itioiisly  heating  any  of  the  mercuric  or  mercurous  nitrates  to 
complete  decomposition,  whereby  the  acid  is  decomposed  and 
expelled,  oxidising  the  metal  to  a  maximum,  if  it  happens  to  be  in 
the  state  of  mercurous  salt.  The  product  thus  obtained  is  also 
crystalline  and  very  dense,  but  has  a  much  paler  colour  than  the 
preceding  ;  while  hot,  it  is  nearly  black.  It  is  by  this  method  that 
the  oxide  is  generally  prepared :  it  is  apt  to  contain  undecomposed 
nitrate,  which  may  be  discovered  by  strongly  heating  a  portion  in  a 
test-tube  :  if  red  fumes  are  produced,  or  the  odour  of  nitrous  acid 
exhaled,  the  oxide  has  been  insufficiently  heated  rii  the  process  of 
manufacture.  (3.)  By  adding  caustic  potash  in  excess  to  a  solution 
of  corrosive  sublimate,  by  which  a  bright  yellow  precipitate  of 
merciu-ic  oxide  is  thrown  down,  which  differs  from  the  foregoing 
preparations  merely  in  being  destitute  of  crystalline  textm-e"  and 
much  more  minutely  divided.    It  must  be  well  washed  and  cMed. 

Mercuric  oxide  is  slightly  soluble  in  water,  communicating-  to  the 
latter  an  alkahne  reaction  and  metaUic  taste  :  it  is  highly  poisonous. 
When  strongly  heated,  it  is  decomposed,  as  before  observed,  into 
metaUic  mercury  and  oxygen  gas. 

Mercurous  Oxide,  B.g.fi  ;  Suboxide,  or  Greij  Oxide  of  Mercury. — 
This  oxide  is  easily  prepared  by  adding  caustic  potash  to  mercurous 
nitrate,  or  by  digesting  calomel  iu  solution  of  caustic  alkaU.  It  is  a 
dark  grey,  nearly  black,  heavy  powder,  iasoluble  iu  water,  slowly 
decomposed  by  the  action  of  light  into  metallic  mercury  and  red 
oxide.  The  preparations  known  in  pharmacy  by  the  names  hlv^ 
pill,  greij  ointment,  mercury  with  chalk,  &c.,  often  supposed  to  owe 
their  efficacy  to  this  substance,  merely  contain  the  finely  divided 
metaL 

Mercury  Nitrates. — Nitric  acid  varies  in  its  action  upon  mercury, 
according  to  the  temperature.  When  cold  and  somewhat  diluted,  it 
forms  only  mercui'ous  salts,  and  these  are  neutral  or  basic^.e. 
oxynitrates  (p.  324)— as  the  acid  or  the  metal  happens  to  be  in  excess 
When,  on  the  contrary,  the  nitric  acid  is  concentrated  and  hot,  the 
mercury  is  raised  to  its  highest  state  of  oxidation,  and  a  mercuric 
salt  is  produced.  Both  classes  of  salts  are  apt  to  be  decomposed  by 
a  large  quantity  of  water,  giving  rise  to  insoluble,  or  sparingly 
soluble,  ba.sic  compounds. 

Mercuric  Nitrates. — By  dissolving  mercuric  oxide  in  excess'of 
nitric  acid,  and  evaporating  gently,  a  sjonpy  liquid  is  obtained, 
which,  enclosed  in  a  bell-jar  over  lime  or  sulphmic  acid,  deposits 
bulky  crystals  and  crystalliae  crusts,  both  having  the  composition 
!51Ig(lN03),.H20.  The  same  substance  is  deposited  from  the  syrupy 
lic^uid  as  a  crystalline  powder  by  dropping  it  into  concentrated 
nitric  acid.  The  syrupy  liquid  itseK  appears  to  be  a  definite  com- 
pound,  containing  Hg(N03)2.H20.  By  saturating  hot  dilute  nitric 
acid  with  mercuric  oxide,  a  salt  is  oljtained  on  cooling,  which 
crystallises  in  needles,  permanent  in  the  air,  containing  Hg(N03)„. 
HgO.H20.     The  preceding  crystallised  salts  are  decomposed  by 
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water,  with  production  of  compounds  more  and  more  basic  as  the 
washing  is  prolonged,  or  the  temperature  of  the  water  raised. 

Mercwous  Nitrate,  (Hg2)(N03)2.2H20,  forms  large  colourless 
crystals  soluble  in  a  small  quantity  of  water  without  decomposition  ; 
it  is  made  by  dissolving  mercury  in  an  excess  of  cold  dilute  nitric 
acid. 

When  excess  of  mercury  has  been  employed,  a  finely  crystallised 
basic  salt  is  deposited  after  some  time,  containing  (Hg2)(N03)2. 
2Hg20.3H20,  or  SHggO.NgOg.SHgO  ;  this  is  also  decomposed  by 
water.  The  two  salts  are  easily  distinguished  when  rubbed  in  a  mortar 
with  a  little  sodium  chloride  ;  the  neutral  compoimd  gives  sodium 
nitrate  and  calomel  ;  the  basic  salt,  sodium  nitrate  and  a  black 
compound  of  calomel  -with  mercurous  oxide.  A  black  substance, 
called  Hahnemann's  soluble  mercury,  is  produced  when  ammonia  in 
small  quantity  is  dropped  into  a  solution  of  mercurous  nitrate  :  it 
contains  2NH3.3Hg2O.N2O5,  or,  according  to  Kane,  2NH3.2Hg20. 
NgOg ;  the  composition  of  this  preparation  evidently  varies  according 
to  the  temperature  and  the  concentration  of  the  solutions. 

Mercury  Sulphates. — Mercuric  Sulphate,  HgSO^,  is  readily 
prepared  by  boiliug  together  oil  of  vitriol  and  metallic  mercury 
until  the  latter  is  wholly  converted  into  a  heavy  white  crystalline 
powder,  which  is  the  salt  iu  question ;  the  excess  of  acid  is  then 
removed  by  evaporation  carried  to  perfect  dryness.  Equal  weights 
of  acid  and  metal  may  be  conveniently  employed.  Water  decom- 
poses the  sulphate,  dissolving  out  an  acid  salt,  and  leaving  an 
insoluble,  yellow,  basic  compound,  formerly  called  turpith  or  turheth 
mineral,  contairdng,  according  to  Kane's  analysis,  HgSO^.SHgO,  or 
SHgO.SOg.  Long-continued  washing  with  hot  water  entirely 
removes  the  remaining  acid,  and  leaves  pure  mercuric  oxide. 

Mercurous  Sulphate,  Hg^^O^,  falls  as  a  white  crystalline  powder 
when  sulphiu'ic  acid  is  added  to  a  solution  of  mercurous  nitrate :  it 
is  but  slightly  soluble  in  water. 

Mercury  Sulphides. — Mercuric  Sulphide,  HgS,  occurs  native  as 
cinnabar,  a  dull  red  mineral,  which  is  the  most  important  ore  oi  ~. 
mercury,  Hydi'ogen  sulphide  passed  in  small  quantity  into  a 
solution  of  mercuric  nitrate,  or  chloride,  forms  a  white  precipitate, 
which  is  a  compoimd  of  mercuric  sulphide  with  the  salt  itself.  An 
GSC6SS  Oi  L-iiS  gas  converts  the  whole  into  sulphide,  the  colour  at  the 
same  time  changiag  to  Wlien  this  black  sulphide  is  sub- 

limed, it  becomes  dark  red  and  crystalline,  but  imdergoes  no  change 
of  composition :  it  is  then  cinnabar  or  vermilion.  Mercuric  sulijhide 
is  most  easily  prepared  by  subliming  an  intimate  mixture  of  6  parts" 
of  mercirry  and  1  part  of  sviljAm-,  and  reducing  the  resulting 
cinnabar  to  very  fine  powder,  the  beauty  of  the  tint  depending  much 
upon  the  extent  to  which  division  is  carried.  The  red  or  crystalline 
sulphide  may  also  be  formed  directly,  mthout  siiblimation,  by 
heating  the  black  precipitated  substance  in  a  solution  of  potassium 
pentasulphide ;  the  mercuric  sulphide  is,  in  fact,  soluble  to  a  certain 
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extent,  in  tlie  alkaline  snlphicles,  and  forms  with  them  crystallisable 
compounds. 

When  vemiilion  is  heated  in  the  air,  it  yields  metallic  mercury 
and  sulphurous  oxide :  it  resists  the  action  both  of  caustic  alkalis  in 
solution,  and  of  strong  mineral  acids,  even  nitric,  and  is  attacked 
only  by  nitro-mimatic  acid. 

Mercurous  sulphide,  HgjS,  is  obtained  by  passing  hydrogen  sulphide 
into  a  solution  of  mercmous  nitrate,  as  a  black  precipitate,  which  is 
resolved  at  a  gentle  heat  into  mercuiic  sulphide  and  metallic 
mercury. 

Ammoniacal  Mercury  Compounds.  —  Blercurammonium 
Salts — By  the  action  of  ammonia  and  its  salts  on  mercury  com- 
poimds,  a  variety  of  substances  are  formed  which  may  be  regai-ded 
as  salts  of  mercurammoniums — that  is,  of  ammonium-molecules  in 
which  the  hycbogen  is  more  or  less  replaced  by  mercury,  in  the 
proportion  of  100  or  200  parts  of  mercury  to  1  part  of  hydrogen, 
according  as  the  compound  is  formed  from  a  mercm-ous  or  a 
mercuric  salt.  The  foUowing  are  the  most  important  of  these  com- 
poimds  : — 

Mercuric  Compounds.  —  Mercuro-diammonivm  chloride, 
(N2HgHg")Cl2,  known  in  pharmacy  as  fusible  ivhite  precipitate,  is  pro- 
duced by  adding  potash  to  a  solution  of  ammonio-mercuric  chloride, 
(^NH^CIHgCy,  or  by  dropjDing  solution  of  mercuric  chloride  into 
a  boiling  solution  of  sal-ammoniac  containing  free  ammonia,  as 
long  as  the  resulting  precipitate  redissolves :  it  then  separates  on 
cooUng  m  regular  dodecahedrons.  At  a  gentle  heat  it  gives  off 
ammonia,  leaving  a  chloride  of  merciu'ammonium  and  hvdroeen 
(NH2Hg")Cl.HCl:  ^     ^  ' 

N2HflHg"Cl2  =  NHgHg^Cl^  +  NH3. 

Mercurammonium  chloride,  (NHaHg'OCl.— This  salt,  known  in 
pharmacy  as  infusible  white  precipiitate,  is  formed  by  adding  ammonia 
to  a  solution  of  mercuric  chloride.  When  first  produced,  it  is  bidky 
and  white,  but  by  contact  with  hot  water,  or  by  much  washing  with 
cold  water,  it  is  converted  into  hycbated  dimercurammouium 
chloride,  NHg^'aCkHjO. 

Trimercuro-diammonium  nitrate,  (]Sr2H2Hg"'3)(]Sr03)2.2H20,  is 
formed  as  a  white  precipitate,  on  mixing  a  dilute  and  very  acid 
solution  of  mercuric  nitrate  with  very  dilute  ammonia. 

Trimercuro-diamine,  NoHg^'g,  a  compound  derived  from  a  double 
molecule  of  ammonia,  'N^B.^,  by  substitution  of  3  atoms  of  bivalent 
mercury  for  6  atoms  of  hydrogen,  is  formed  by  passing  dry  ammonia 
gas  over  dry  precipitated  mercuric  oxide  : 

3HgO  -1-  2NH3  =  NgHgj  -1-  3H2O. 
The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimercuro- 
diamine  is  obtained  as  a  dark  brown  powder,  which  explodes  by 
heat,  friction,  percussion,  or  contact  with  oil  of  vitriol,  almost  as 
violently  as  nitrogen  chloride. 
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Dimercurammonium  chloride,  NB[g"2Cl.H20,  is  obtained,  as  already 
observed,  by  boiling  mercurodianinionium  cbloride  (infusible  white 
precipitate),  with  water.  It  is  a  heavy,  granular,  yellow  powder, 
which  turns  white  again  when  treated  with  sal-ammoniac. 

Dimercurammonium  iodide,  NHg"2l.H20.— This  compound  may 
be  formed  by  digesthig  the  corresponding  chloride  in  a  solution  of 
potassium  iodide  ;  or  by  heatiag  mercuric  iodide  with  excess  of 
aqueous  ammonia  : 

2Hgl2  +  4NH3  +  H2O  =  NHg"2l.H20  +  3NH,I; 

also  by  passing  ammonia  gas  over  mercuric  oxy-iodide  : 

HgilsOs  +  2NH3  =  2(NHg"2l.H20)  +  HjO ; 

and,  lastly,  by  adding  ammonia  to  a  solution  of  potassio-mercuric 
iodide  mixed  with  caustic  potash  : 

2(2KI.Hgl2)  +  NH3  +  3KH0  =  NHgV.HgO  +  7KI  +  2H2O. 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia. 
A  solution 'of  j^otassio-mercuric  iodide  is  prepared  by  adding  potas- 
sium iodide  to  a  solution  of  corrosive  sublimate,  till  a  portion  only 
of _  the  resulting  red  precipitate  is  redissolved,  then  filtering,  and 
mixing  the  filtrate  with  caustic  potash.  The  liquid  thus  obtained 
forms,  with  a  very  small  quantity  of  ammonia,  either  free  or  in  the 
form  of  an  animoniacal  salt,  a  brown  precipitate,  soluble  iu  excess 
of  potassium  iodide.    This  is  called  Nesler's  test  for  ammonia. 

Dimercurammonium  Hydroxide,  NHg"2(H0). — This  compoimd  is 
formed  by  treating  precipitated  mercuric  oxide  with  aqueoiLS  am- 
monia, or  by  treatiug  either  of  the  dimercurammonium  salts  with 
a  caustic  alkali.  It  is  a  brown  powder,  which  dissolves  in  acids, 
yieldiag  salts  of  dimercurammonium. 

Dimercurammonium  Su^jhate,  (NIIg"2)2S04.2H20,.  formerly  called 
ammoniacal  turpethum,  is  prepared  by  dissolving  mercuric  sulphate 
La  ammonia,  and  precipitating  the  solution  with  water.  It  is  a  heavj' 
white  powder,  yellowish  when  dry,  resolved  by  heat  into  water, 
nitrogen,  ammonia,  and  mercurous  sulphate. 

Mercurous  Compounds.  —  Mercurosammoniiim  Chloride, 
^H3Hg'Cl,  is  the  black  precijaitate  formed  when  dry  calomel  is 
exposed  to  the  action  of  ammonia  gas.  When  exposed  to  the  aii-, 
it  gives  off  ammonia  and  leaves  white  mercurous  chloride. — Dimer- 
curosammonium _  chloride,  NHgHg'gCl,  is  formed,  together  with  sal- 
ammoniac,  by  digestiug  calomel  iu  aqueous  ammonia  : 

HgaCls  -f-  2NH3  =  NH2Hg2Cl  -F  NH.Cl. 

It  is  grey  when  dry,  and  is  not  altered  by  boilmg  water. — Dimer- 
curosammonium  nitrate,  2(NH2Hg2)N03.H20.  This,  according  to 
Kane,  is  the  composition  of  the  velvet-black  precipitate  knowTi  as 
Hahnemann's  soluble  mercmy,  which  is  produced  on  adding 
ammonia  to  a  solution  of  mercurous  nitrate.  According  to  C.  G. 
Mitscherlich,  on  the  other  hand,  the  precipitate  thus  formed  has 
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the  composition  2NH3.N205.3Hg20,  which  is  that  of  a  hydi'ated 
taimercurosammonivm  nitrate,  2(NHHg3)N03.2H,0. 


_  Reactions  of  Mercury  Salts. — All  mercury  compounds  are  vola- 
tilised or  decomposed  by  a  temperature  of  ignition :  those  which 
fail  to  yield  the  metal  by  simple  heating  may  in  all  cases  be  made  to 
do  so  by  heating  in  a  test-tube  with  a  little  cby  sodium  carbonate. 
The  metal  is  precipitated  from  its  soluble  combinations  by  a  plate 
of  coiyper,  and  also  by  a  solution  of  stannous  chloride  used  in  excess. 

Hydrogen  sulphide,  and  Ammonium  sulphide,  produce  in  solutions, 
both  of  mercuric  and  of  mercurous  salts,  black  precipitates  insoluble 
in  ammonium  sulphide.  In  mercuric  salts,  however,  if  the  quantity 
of  the  reagent  added  is  not  suificient  for  complete  decomposition,  a 
white  precipitate  is  formed,  consistiag  of  a  compound  of  mercuric 
sulphide  with  the  origiaal  salt,  and  often  coloured  yellow  or  brown 
by  excess  of  mercuric  sulphide.  An  excess  of  hydrogen  sulphide,  or 
ammoniiim  sulphide,  instantly  turns  the  precipitate  black.  This 
reaction  is  quite  characteristic  of  mercuric  salts. 

Mercuric  salts  are  fiu'ther  distinguished  by  forming  a  yellow 
precipitate  with  caustic  potash  or  soda;  white  with  ammonia  or 
amimonium  carbonate,  insoluble  in  excess  ;  red-brown  with  -potassium 
or  sodium  carbonate.  With  potassium  iodide  they  yield  a  bright 
scarlet  precipitate,  soluble  in  excess,  either  of  the  mercuric  salt  or 
of  the  alkaline  iodide. 

Mercurous  salts  are  especially  characterised  by  forming,  with 
hydrochloric  acid  or  soluble  chlorides,  a  white  precipitate  which  is 
turned  black  by  ammonia.  They  also  yield  black  precipitates  with 
caustic  alkalis ;  white  with  alkaline  carbonates,  soon  tm-ning  black  ; 
greenish-yeUow  with  potassium  iodide. 


Alloys  of  mercury  with  other  metals  are  termed  amalgams: 
inercury  dissolves  in  this  manner  many  of  the  metals,  as  gold,  silver, 
tin,  lead,  &c.  These  combinations  sometimes  take  place  with  con- 
siderable violence,  as  in  the  case  of  potassium,  in  which  light  and 
heat  are  produced  ;  besides  this,  many  of  the  amalgams  after  a  while 
become  solid  and  crystalline.  The  amalgam  of  tin  used  in  silvering 
looking-glasses,  and  that  of  silver  and  of  copper,  sometimes  employed 
for  stoppmg  hollow  teeth,  are  examples.  The  solid  amalgams  appear 
to  be,  ior  the  most  part,  definite  compounds,  while  the  liqmd 
amalgams  may  be  regarded,  in  many  instances,  as  solutions  of  definite 
compounds  m  excess  of  merciu-y,  inasmuch 'as,  when  they  are  pressed 
between  chamois  leather,  mercury,  containing  only  a  small  quantity 
of  the  other  metal  passes  through,  while  a  solid  amalgam,  frequently 
oi  definite  atomic  constitution,  remains  behind.  A  native  compoimd 
of  inercury  and  silver,  called  « amalgam "  by  mineralogists,  and 
having  the  composition  Ag^Hgj,  or  AggEgg,  is  found  crystallised  in 
octohedrons,  rhombic  dodecahedrons,  and  other  forms  of  the  regular 
system.  ° 


428 


TBIAD  METALS. 


CLASS  III.— TRIAD  METALS, 


THALLIUM. 

Atomic  weight,  204.    Symbol,  Tl. 

This  element  was  discovered  by  Crookes,  in  1861,  in  the  seleniferous 
deposit  of  a  lead-chamber  of  a  sulphuric  acid  factory  in  the  Hartz 
mountains,  where  iron  pyrites  is  used  for  the  manufacture  of 
sulphuric  acid.  The  name  is  derived  from  SxKKo;,  "  green,"  because 
the  existence  of  this  metal  was  first  recognised  by  an  intense  green 
line,  appearing  in  the  spectrum  of  a  flame  in  which  thallium  is  vola- 
tilised. It  was  at  first  suspected  to  be  a  metalloid,  but  further  ex- 
amination proved  it  to  be  a  true  metal.  It  was  first  obtained  in  a 
distiuct  metallic  form  by  Crookes  towards  the  end  of  the  year  1861, 
and  soon  afterwards  by  Lamy,  who  prepared  it  from  the  deposit 
in  the  lead-chamber  of  M.  Kuhlmann,  of  Lille,  where  Belgian 
pyrites  is  employed  for  the  manufacture  of  sulphirric  acid. 

Thallium  appears  to  be  very  widely  diffused  as  a  constituent  of 
iron  and  copper  pyrites,  though  it  never  constitutes  more  than  the 
4000th  part  of  the  bulk  of  the  ores.  It  has  also  been  found  in 
lepidolite  from  Moravia,  in  mica  from  Zinnwald  in  Bohemia,  and 
in  the  mother-liquors  of  the  salt-works  at  Nauheim., 

ThaUium  is  most  economically  prepared  from  the  flue-dust  of 
pyrites  burners.'  This  substance  is  stirred  up  in  wooden  tubs  with 
boiling  water,  and  the  clear  liquor,  siphoned  ofi'  from  the  deposit,  ig 
mixed  ynth  excess  of  strong  hydrochloric  acid,  which  precipitates 
impure  thallium  monochloride.  To  obtain  a  pure  salt,  this  crude 
chloride  is  added  by  small  portions  at  a  time  to  half  its  weight  of 
hot  oO.  of  vitriol  in  a  porcelain  or  platiaum  dish,  the  mixture  being 
constantly  stirred,  and  the  heat  continued  till  the  whole  of  the 
hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  off.  The  fused  acid  sulphate  is  now  to  be  dissolved 
in  an  excess  of  water,  and  an  abundant  stream  of  hydrogen  sulphide 
passed  through  the  solution.  The  precipitate,  which  may  contain 
arsenic,  antimony,  bismuth,  lead,  mercury,  and  silver,  is  separated 
by  filtration,  and  the  filtrate  is  boiled  till  all  free  hydrogen  sulphide 
is  removed.  The  liquid  is  now  to  be  rendered  alkaline  with 
ammonia,  and  boiled  ;  the  precipitate  of  iron  oxide  and  alimiina, 
which  generally  appears  in  this  place,  is  filtered  off ;  and  the  clear 
solution  evaporated  to  a  small  bulk.  Thallium  sulphate  then  separ- 
ates on  cooling,  in  long  clear  prismatic  crystals. 

Metallic  thallium  may  be  reduced  from  the  solution  of  the  sulphate, 
either  by  electrolysis,  or  by  the  action  of  zinc. 

ThaUium  is  a  heavy  metal,  resembling  lead  in  its  physical 
properties.    When  freshly  cut,  it  exhibits  a  brilliant  metallic  lustre 
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.aid  greyish  coloitr,  somewliat  between  those  of  silver  and  lead, 
assumiug  a  slight  yellowish  tint  by  friction  with  harder  bodies.  It 
is  very  soft,  being  readily  cut  with  a  knil'e,  and  making  a  streak 
on  paper  like  plumbago.  It  is  very  malleable,  is  not  easily  drawn 
into  wire,  but  may  be  readily  scpeezed  into  that  form  by  the  process 
technically  called  "  squirting.  "  It  has  a  highly  crystaUine  structui'e 
and  crackles  Like  tin  when  bent.    It  melts  at  294°. 

In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than  lead, 
becoming  coated  with  a  thin  layer  of  oxide,  which  preserves  the 
rest  of  the  metal. 

The  most  characteristic  property  of  thallium  is  the  bright  green 
colour  which  the  metal  or  any  of  its  compounds  impart  to  a  colour- 
less flame  ;  and  this  colom-,  when  viewed  by  the  spectroscope,  is 
seen  to  be  absolutely  monochromatic,  appearing  as  one  intensely 
brilliant  and  sharp  green  line. 

Thallium  dissolves  in  hydrochloric,  sulphuric,  and  nitric  acids, 
the  latter  attacking  it  very  energetically,  with  copious  evolution  of 
red  vapours. 

Thallium  forms  two  classes  of  compounds — namely,  the  thallious 
compounds,  in  which  it  is  univalent  :  and  the  thallic 
compounds,  in  which  it  is  trivalent.  Thus  it  forms  two  oxides, 
TI3O  and  TlgOg,  with  corresponding  chlorides,  bromides,  iodides, 
and  oxygen-salts.  In  some  of  its  chemical  relations  it  resembles  the 
alkali-metals,  forming  a  readily  soluble  and  highly  alkaKne  mon- 
oxide, a  soluble  and  alkaline  carbonate,  an  insoluble  platinochloride, 
a  thallio-aluminic  sulphate,  similar  in  form  and  composition  to 
common  potash-alum,  and  several  phosphates  exactly  analogous  in 
composition  to  the  phosphates  of  sodium.  In  most  respects,  how- 
ever, it  is  more  nearly  aUied  to  the  heavy  metals,  especially  to  lead, 
which  it  resembles  closely  in  appearance,  density,  melting-point, 
specific  heat,  and  electric  conductivity. 

Thallium  Chlorides.— Thallium  formsfour  chlorides, represented 
by  the  formulfe  TlCl,  Tl.Cle,  Tl^Cl,,  and  TICL  ;  the  second  and 
third  oi  which  may  be  regarded  as  compounds  of  the  monochloride 
and  trichloride. 

The  Monochloride  or  Tliallious  Chloride,  TlCl,  is  formed  by  direct 
combmation,  the  metal  burning  when  heated  in  chlorine  gas;  or 
as  a  white  curdy  precipitate,  resembling  silver  chloride,  by  treating 
the  solution  of  any  thallious  salt  with  a  soluble  chloride.  When 
boiled  with  water  it  dissolves  like  lead  chloride,  and  separates  in 
white  crystals  on  cooling.  It  forms  double  salts  with  trichloride 
ot  gold  and  tetrachloride  of  platinum.  The  platinum  salt,  2T1C1. 
ftLL,  separates  as  a  pale  yellow  very  sHghtly  soluble  crystalline 
P'^^5_^'^V^, ,         platinic  chloride  to  thallious  chloride. 

ihe  Irichlonde  or  Thallic  chloride,  TICI3,  is  obtained  by  dissolving 
the  tnoxide  in  hydrochloric  acid,  or  by  acting  upon  t'haUium,  or 
one  ot  the  lower  chlondes,  with  a  large  excess  of  chlorine  at  a  gentie 
heat.    It  18  soluble  in  water,  and  separates  by  evaporation  in  a 
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vacuum  in  hydrated  crystals;  melts  easily,  and  decomposes  at  a 
high  temperature.  It  forms  crystalline  double  salts  with  the  chlorides 
of  the  alkali-metals. 

The  Sesquichloride,  Tl^Clg  =  TICI3.3TICI,  is  produced  by  dissolving 
thalliimi  or  the  monochloride  in  nitromuriatic  acid,  and  separates 
on  cooling  in  yellow  crystalline  scales.  By  aqueous  ammonia, 
potash,  or  even  by  thallious  oxide,  it  is  instantly  decomposed  into 
sesquioxide  and  monochloride,  according  to  the  equation : 

STl^Clg  +  3KH0  =  TI2O3+  6T1C1  +  3KC1  +  3HC1. 

The  Bichloride,  T\^C\^  ^  TICI3.TICI,  is  formed  by  carefully  heating 
thallium  or  the  monochloride,  in  a  slow  current  of  chlorine.  It 
is  a  pale  yeUow  substance  reduced  to  sesquichloride  by  further 
heating. 

The  Bromides  of  thallium  resemble  the  chlorides. 

Iodides. — TliaUious  Iodide,  Til,  is  formed  by  direct  combination 
of  its  elements,  or  by  double  decomposition.  It  forms  a  beautiful 
yellow  powder,  rather  darker  than  sulphur,  and  melting,  below 
redness,  to  a  scarlet  liquid,  which,  as  the  mass  cools,  remains  scarlet 
for  some  time  after  solidification,  then  changes  to  bright  yellow. 
The  di'ied  precipitate,  when  spread  on  paper  with  a  little  gum- 
water,  undergoes  a  similar  but  opposite  change  to  that  experienced  by 
mercuric  iodide  when  heated,  the  yellow  suxface  when  held  over  a 
flame  suddenly  becoming  scarlet,  and  frequently  remaining  so  after 
cooling  for  several  days  ;  hard  friction  with  a  glass  rod,  however, 
changes  the  scarlet  colour  back  to  yellow.  It  is  very  slightly  soluble 
in  water,  requiring,  according  to  Crookes,  4453  parts  of  water  at 
17-2",  and  842-4  parts  at  100°,  to  dissolve  it. 

Thallic  Iodide,  TII3,  is  formed  by  the  action  of  tliallium  on  iodine 
dissolved  in  ether,  as  a  brown  solution  which  gradually  deposits 
rhombic  prisms.  It  forms  crystalline  compounds  with  the  iodides 
of  the  alkali-metals. 

Thallium  Oxides. — Thallium  forms  a  monoxide  and  a  trioxide. 

The  Monoxide,  or  Thallious  Oxide,  TlgO,  constitutes  the  chief  part 
of  the  crust  which  forms  on  the  sm'face  of  the  metal  when  exposed 
to  the  air.  It  may  be  prepared  by  allowing  granulated  thallium  to 
oxidise  in  warm  moist  air,  and  then  boDing  with  water.  The 
filtered  solution  first  deposits  white  needles  of  thalliuiji  carbonate, 
and,  on  further  cooling,  yellow  needles  of  the  hydroxide,  TIHO  or 
TI2O.H2O,  which,  when  left  over  oil  of  vitriol  in  a  vacuum,  yields 
the  anhydrous  monoxide  as  a  reddish  black  mass  retaining  the  shape 
of  the  crystals.  It  is  partially  reduced  to  metal  by  hydrogen  at  a 
red  heat.  When  fused  with  sulphur  it  yields  thallious  sulphide. 
It  dissolves  readily  in  water,  forming  a  colourless  strongly  alkaline 
solution,  which  reacts  with  metallic  salts  very  much  like  caustic 
potash.  This  solution  treated  with  zinc,  or  subjected  to  electrolysis, 
yields  metallic  thallium. 

The  Trioxide,  or  Thallic  Oxide,  is  the  chief  product  obtained  by 
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biu-ning  thallium  in  oxygen  gas.  It  is  best  prepared  by  adding 
potash  to  the  solution  of  a  thaUic  salt,  and  drying  the  precipitate 
at  260°.  It  is  also  formed  by  electrolysis  of  thallious  sulphate.  It 
is  a  dark  red  powder  reduced  to  thallious  oxide  at  a  red  heat  • 
neutral,  insoluble  in  water  and  in  alkalis.  ThalUc  hydrate' 
TY"JI0.2,  is  obtained  1)y  drying  the  above-mentioned  precij)itate  at 


Oxygen-salts.— Both  the  oxides  of  thallium  dissolve  readily  in 
acids,  forming  crystalline  salts,  soluble  in  water  ;  there  are  also  a 
few  insoluble  thallium  salts  formed  by  double  decomposition. 

Thallious  carbonate,  TI2CO3 ,  is  deposited  in  crystals,  apparently 
trimetric,  when  a  solution  of  thallious  oxide  is  exposed  to  the  air. 
It  is  soluble  in  water,  and  the  solution  has  a  slightly  caustic  taste 
and  alkaline  reaction. 

Siolpha  tes.—Thamous  sulphate,  TljSO^,  obtained  by  evaporat- 
ing the  chloride  or  nitrate  with  sulphuric  acid,  or  by  h^atin^ 
metallic  thaUium  with  that  acid,  crystallises  in  anhydi-ous  rhombic 
prisms,  isomorphous  with  potassium  sulphate.  It  forms  with 
aluminium  sulphate,  the  salt,  A1T1(S04)2.12H20,  isomorphous  with 
common  alum;  and  with  the  sulphates  of  magnesium,  nickel,  &c., 
double  salts  containing  6  moleciUes  of  water,  and  isomorphous 'with 
^Tt^"^^  potassium  sulphate,  &c.  (p.  409). —ThaUic  sulphate, 
1 12(^04)3. 7H2O,  separates  by  evaporation  from  a  solution  of  thallic 
oxide  m  dilute  sulphuric  acid,  in  thin  colourless  laminas,  which  are 
decomposed  by  water,  even  in  the  cold,  with  separation  of  brown 
thallic  oxide. 

Phosphates.~The  thallious  phosphates  forma  series  nearlv  as 
complete  as  those  of  the  alkaU-metals,  whicli  they  also  resemble  in 
then-  behaviour  when  heated.  There  are  tliree  orthophosphates,  con- 
taimng  respectively  H^TIPO,,  HTl^PO,,  and  TI3PO,.  The  first  two 
are  soluble  in  water  ;  the  second  is  obtained  by  neutralisino-  dilute 
phosphoric  acid  at  boiling  heat  with  thallious  carbonate,  and  the 
hrst  by  mixing  the  dithallious  salt  with  excess  of  phosphoric  acid 
The  trithalhous  salt,  TlgPO^,  is  very  sparingly  soluble,  and  is  formed 
as  a  crystaUme  precipitate  on  mixing  the  saturated  solutions  of 
ordinary  disodic  phosphate  and  thallious  sulphate ;  also,  together 
with  ammonio-thamous  phosphate,  by  treating  the  monothaUious  or 
dithallious  salt  with  excess  of  ammonia.  There  are  two  thallious 
pyrophosphates,  HjTljP^O^,  and  Tl^P^Oj,  both  very  soluble  in  water  : 
the  hrst  produced  by  carefully  heating  monothalHous  orthophosphate, 
the  second  by  strongly  heating  cUthallious  orthophosphate.  Of 
thallious  metaphosphate,  TIPO3,  there  are  two  modifications  :  tlie  first 
remaining  as  a  slightly  soluble  vitreous  mass  when  monothaUious 
orthoptiosphate  is  strongly  ignited,  the  second  obtained  as  an  easily 
?y  Igniting  ammonio-thaUious  orthophosphate. 

Thalhc  orthophosphate,  T1"T0,.2H„0,  separates  as  an  insoluble 
gelatinous  precipitate  on  diluting  a  solution  of  thaUic  nitrate  mixed 
with  phosphonc  acid. 
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Thallium  Sulphide,  TlgS. — This  compound  is  precipitated  from 
all  thallious  salts  by  ammonium  sulphide,  and  iiom  the  acetate, 
carbonate,  or  oxalate,  by  hydrogen  sulphide  (iacompletely  also  from 
the  nitrate,  sulphate,  or  chloride),  in  dense  flocks  of  a  greyish  or 
brownish-black  colour.  Thallic  salts  appear  to  Ije  reduced  to 
thallious  salts  by  boUing  with  ammonium  sulphide.  Thallium 
sulphate  projected  into  fused  potassium  cyanide  is  reduced  to 
sulphide,  which  then  forms  a  brittle  metallic-looking  mass,  having 
the  lustre  of  plimibago,  and  fusing  more  readily  than  metallic 
thallium. 


Reactions  of  Thallium  Salts. — The  reactions  of  thallious  salts 
with  hydrogen  sulphide  and  ammonium  sulphide  have  just  been 
mentioned.  From  their  aqueous  solutions  thallium  is  rapidly 
precipitated  in  metaUic  crystals  by  zinc,  slowly  by  iron.  Soluble 
chlorides  precipitate  difficultly  soluble  white  thallious  chloride  ; 
soluble  bromides  throw  down  white,  nearly  insoluble  bromide  ; 
soluble  iodides  precipitate  insoluble  yellow  thallious  iodide.  Caustic 
alkalis  and  alkaline  carbonates  form  no  precipitate ;  sodium  phosphate 
forms  a  white  precipitate,  insoluble  in  ammonia,  easily  soluble  in 
acids. 

Potassium  chromate  gives  a  yellow  precipitate  of  thallious  chromate, 
insoluble  in  cold  nitric  or  sulphuric  acid,  but  tiu?ning  orange-red  on 
boiling  in  the  acid  solution. — Platinic  chloride  precipitates  a  very 
pale-yellow  insoluble  double  salt. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by 
their  behaviour  with  alkalis,  and  Mdth  soluble  chlorides  or  bromides. 
Their  solutions  give  with  ammonia,  and  with  fixed  alkalis  and  their 
carbonates,  a  brown  gelatinous  precipitate  of  thallic  oxide,  containing 
the  whole  of  the  thallium.  Soluble  chlorides  or  bromides  produce  no 
precipitate  in  solutions  of  pure  thallic  salts  ;  but  if  a  thallious  salt 
is  likewise  present,  a  precipitate  of  sesquichloride  or  sesquibromide 
is  formed.  Oxalic  acid  forms  in  solutions  of  thallic  salts  a  white 
pulverulent  precipitate  ;  phosphoric  acid  a  white  gelatinous  pre- 
cipitate ;  and  arsenic  acid  a  yellow  gelatinous  precipitate,  Thallic 
nitrate  gives  with  potassium  feirocyanide  a  green,  and  with  the 
ferricyanide  a  yellow  precipitate. 

In  examining  a  mixed  metallic  solution,  thallium  will  be  found  in 
the  precipitate  thrown  down  by  ammoniiim  sulphide,  together  with 
iron,  nickel,  manganese,  &c.  From  these  metals  it  may  be  easily 
separated  by  precipitation  with  potassium  iodide  or  platinic  chloride, 
or  by  reduction  to  the  metallic  state  with  zinc. 

Thallium  salts  are  reduced  before  the  blowpipe  with  charcoal  and 
sodiiun  carbonate  or  potassium  cyanide.  The  green  colour  imparted 
to  flame  by  thallium,  and  the  peculiar  character  of  its  spectrum,  have 
already  been  mentioned. 
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INDIUM, 


Atomic  weight,  113-4    Symbol,  In. 

This  extremely  rare  metal  was  discovered  iu  1863  by  Eeicli  and 
Richter,  in  the  zinc-blende  of  Freiberg,  and  has  since  been  found  in 
a  few  other  zinc-ores  and  in  the  flue-dust  of  zinc  furnaces.  The 
metallic  sponge  which  remains  when  the  crude  zinc  of  the  Freiberg 
works  is  dissolved  in  dilute  sidphuric  acid,  contains  the  whole  of  the 
mdium  (0-045  per  cent.),  together  with  lead,  arsenic,  cadmium,  and 
iron.  It  IS  dissolved  in  nitric  acid  ;  the  lead,  arsenic,  and  cadmium 
are  precipitated  by  hydi-ogen  sulphide  ;  and  the  filtered  solution  is 
heated  with  potassium  chlorate  to  bring  aU  the  iron  to  the  state  of 
ferric  salt,  and  then  treated  with  ammonia,  which  precipitates  the 
inclium  as  a  hydroxide,  together  with  iron  and  zinc.  The  precipitate 
IS  dissolved  m  acetic  acid  ;  the  indium  is  precipitated  as  sulphide  by 
hydrogen  sulphide  ;  and  fi-eed  from  traces  of  iron  and  zinc  by  dis- 
solving the  precipitate  in  dilute  hydrochloric  acid,  precipitatino-  the 
mdium  by  agitation  with  barium  carbonate,  dissolving  out  the 
indium  hydroxide  by  dilute  sulphuric  acid,  and  reprecipitatino-  with 
ammonia.  ^ 

Indium,  reduced  from  its  oxide  by  ignition  with  sodium,  is  a 
silver-white  metal,  soft  and  ductHe,  has  a  specific  gravitv  of 
r421,  melts  at  176°,  and  is  less  volatile  than  cadmium  or  zinc 
When  heated  to  redness  in  the  air,  it  burns  with  a  violet  fls  me 
and  IS  converted  mto  the  yellow  sesquioxide.  Heated  in  chlorine 
it  burns  with  a  yellow-green  light,  and  forms  a  chloride,  which 
sublimes  without  fusion  at  an  incipient  red  heat  in  soft  white 
lanunEe. 

Indium  dissolves  in  the  strong  mineral  acids,  and  is  precipitated 
Irom  the  solutions  by  zinc  and  cadmiuvi.  Hydrogen  sulphide  pre- 
cipitates It  completely,  as  a  yeUow  sulphide,  from  a  solution  of' its 
acetate,  and  from  neutral  solutions  of  indium  salts  in  general  but 
not  from  solutions  containing  excess  of  the  strong  mineral  acids. 
Ammonia  and  sodiiim  carbonate  produce  white  precipitates  insoluble 
m  excess :  caushcpotash  or  soda  throws  down  white  indium  hydroxide 
soluble  m  excess  of  the  alkaU.  ATmionium  carbonate  forms  a  white 
precipitate  soluble  m  excess,  and  reprecipitated  on  boiHng.  Bcenuvi 
carbonate  precipitates  indium  completely. 

The  spectrum  of  indium  is  characterised  by  two  indigo-coloured 
lines,  one  very  bright  and  more  refrangil^le  than  the  blue  line  of 
strontium,  the  other  fainter  and  still  more  refrangible,  and 
approaching  the  blue  line  of  potassium.  It  was  the  oI)3ervation  of 
this  peculiar  spectrum  that  led  to  the  discovery  of  the  metal. 

iiie  formula;  of  the  principal  normal  indium  compounds  are  as 
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Chloride,    .....  InClg 

Indium  and  Ammonium  Chloride,  SNH.jCLInClj  +  HgO 

Yellow  Oxide,    ....  In^O.^ 

Hydi-oxide, .       .       ...       .  InH-^Oj 

Nitrate,  111(^03)3 

Sulphate,  IhsCSOJs  +  dR^O . 

The  yellow  oxide,  heated  in  a  stream  of  hydrogen,  is  .successively 
reduced  to  a  green,  a  grey,  and  a  black  oxide  (InOj),  and  at  a  low 
red  heat  to  the  metallic  state. 


GALLIUM. 

Atomic  weight,  68  (?)    Symbol,  Ga. 

This  metal  was  discovered  in  1875  by  Lecoq  de  Boisbaudran,*  in  a 
zinc-blende  from  the  mine  of  Pierrefitte,  iii  the  valley  of  Argeles, 
Pyrenees,  and  has  likewise  been  foimd,  though  always  in  very  small 
quantity,  in  blendes  from  other  localities.  It  is  separated  by  dissolv- 
ing the  blende  in  nitromuriatic  acid,  irmnersing  plates  of  zriic  in  the 
solution  till  the  disengagement  of  hydrogen  becomes  slow,- — whereby 
copper,  lead,  cadmium,  and  other  metals  are  precipitated,- — and  then 
boiling  the  clear  liquid  for  several  hoiurs  with  a  large  excess  of  zinc, 
which  throws  down  alumina,  basic  zinc-salts,  and  oxide  of  gallium. 
This  precipitate  is  redissolved  in  hydrochloric  acid;  the  solution 
ao-aui  boiled  with  zinc ;  the  resulting  precipitate,  which  contains  the 
gaUium  in  a  more  concentrated  form,  is  redissolved  in  hydrochloric 
acid;  the  solution  mixed  with  ammonium  acetate  is  ti-eated  with 
hydrogen  sulphide,  which  throws  do-nm  the  zinc  and  gallium  as 
sulphicles,  leaving  the  aluminium  in  solution ;  and  this  treatment  is 
repeated  to  ensure  the  complete  separation  of  the  alimaina.  The 
white  sulphides  of  zinc  and  gallium  are  then  dissolved  in  hydro- 
chloric acid  ;  the  solution  is  fractionally  precipitated  with  sodium 
carbonate,  the  gallium  going  down  chiefly  in  the  first  portions ;  and, 
to  complete  the  separation  of  the  zinc,  the  gallium  oxide  is  dissolved 
in  sulphiuic  acid  and  reprecipitated  by  excess  of  ammonia  ;  this  dis- 
solves all  the  zinc  oxide,  and  the  greater  part  of  the  gallium  oxide, 
which  may  be  reprecipitated  by  boiling  the  Kqtdd  to  expel  the  free 
ammonia. 

Metallic  gallium  is  obtained  by  electrolysing  a  solution  of  the 
oxide  in  potash  or  anmionia  with  platinum  electrodes,  the  gallium 
being  depo.sited  on  the  negative  plate  as  a  compact,  closely  adhering 
crust,  which  may  be  detached  by  bending  the  plate  backwards  and 
forwards  under  cold  water. 

Gallium  is  a  hard  metal  somewhat  whiter  than  platinvun,  and  ac- 
quires agood  polish  by  pressure ;  it  is  sectile  and  somewhat  malleable ; 

*  Comptes  Rendus,  Ixxxi.  493. 


GALLIUM. 


435 


its  specific  gravity  is  6-9,  which  is  intermediate  between  that  of 
iihiumium  (2-6)  and  that  of  iudiuni  (7*4).  Its  melting  point  is  30-l°, 
so  that  it  liqneties  when  pressed  between  the  fingers ;  frequently 
also  it  remains  liquid  for  a  long  time  even  when  cooled  to  nearly 
0°.  The  melted  metal  adheres  to  glass,  forming  a  mii-ror  whiter  than 
that  produced  by  mercury.  When  heated  to  bright  redness  in  con- 
tact with  the  air,  it  oxidises  merely  on  the  surface,  and  does  not 
volatilise. 

C4allium  forms  a  very  bright  electric  sjpectrum,  exhibiting  a 
brilliant  line  and  a  fainter  band  in  the  violet.  In  a  gas-flame  only 
the  line  is  exhibited,  and  even  this  is  very  faint  and  fugitive.  It 
was  by  these  spectroscopic  characters  that  the  existence  of  gallium 
was  first  recognised. 

Galium  chloride  is  very  soluble  and  deliquescent.  Its  aqueous 
solution  is  clear  when  Irighly  concentrated,  but  becomes  turbid  ou 
addition  of  water;  the  precipitate  (jDrobably  an  oxychloride)  dis- 
solves but  very  slowly  in  hydrochloric  acid.  A  slightly  acidulated 
solution  of  the  chloride  evaporated  at  a  gentle  heat,  deposits  needles 
which  act  strongly  on  polarised  light.  The  sulpliate  is  not  deli- 
quescent. 

Gallium  forms  an  ammonia-alum,  which  crystallises  in  octohedrons 
like  common  alum  ;  it  dissolves  in  cold  water,  but  the  solution 
becomes  turl^id  on  boiling,  and  is  decomposed  by  heating  with 
acetic  acid.  The  existence  of  this  alum  shows  that  the  oxide  of 
gallium  is  represented  by  the  formula  GagOg,  and  its  chloride  by 
GaClj. 

Solutions  of  gallium  salts  give  with  ammonium  sulphide  a  white 
precipitate  of  galHum  sulphide  insoluble  in  excess  of  the  reagent. 
The  same  precipitate  is  formed  by  hydrogen  sulphide  in  'presence 
of  acetic,  but  not  of  hydrochloric  acid.  Aiivmonia  and  carbonate  of 
ammonia  give  white  precipitates  soluble  in  excess.  Slightly  acid 
solutions  of  the  chloride  and  sulphate  are  not  precipitated  m  the  cold 
by  aynmonium  acetate;  but  the  neutral  solutions  are  clouded  thereby. 
Gallium  oxide  is  easily  precipitated  by  barium  carbonate. 

In  a  mixed  solution  of  gallium  and  aluminium,  the  latter  is  pre- 
cipitated before  the  gallium,  and  in  a  mixed  solution  of  galUnm  and 
indium,  the  gallium  goes  down  first ;  in  point  of  basicity,  therefore, 
gallium  is  intermediate  between  aluminium  and  indium. 

The  atomic  weight  of  gallium  has  not  been  determined  by  dii-ect 
experiinent ;  but  as  this  metal  is  a  triad  intermediate  in  some  of  its 
properties  (basicity  and  density)  between  aluminium  and  indimn, 
and  in  its  chemical  reactions  exhibits  considerable  resemblance  to 
zmc,  it  is  supposed  to  have  an  atomic  weight  not  far  from  68,  as 
assigned  to  it  in  Meudelejefif's  Classification  of  the  Elements  (p.  266). 
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TIN. 

Atomic  weight,  118.    Symbol,  Sn  (Stannum). 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely  as 
snlptiide  :  the  principal  tin  mines  are  those  of  Saxony  and  Bohemia, 
Malacca,  and  more  especially  Cornwall.  In  Cornwall  the  tin-stone 
is  found  as  a  constituent  of  metal-bearing  veins,  associated  with 
copper  ore,  in  granite  and  slate-rocks  ;  and  as  an  alluvial  deposit, 
mixed  Avith  roimded  pebbles,,  in  the  beds  of  several  small  rivers 
The  first  variety  is  called  mine-  and  the  second  stream-tin. 
Tin  oxide  is  also  found  disseminated  through  the  rock  itself  in 
small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed, 
to  separate  as  much  as  possible  of  the  earthy  matter,  and  roasted,  to 
expel  sulphur  and  arsenic  :  it  is  then  strongly  heated  with  coal,  and 
the  metal  thus  obtained  is  cast  into  large  blocks.  Two  varieties  of 
commercial  tin  are  kno'wn,  called  grain-  and  har-tin ;  the  first  is  the 
best ;  it  is  prepared  from  the  stream  ore. 

Pure  tin  has  a  white  colour,  approaching  that  of  silver  :  it  is  soft 
and  malleable,  and  when  bent  or  twisted  emits  a  peculiar  crackling 
sound  ;  it  has  a  density  of  7 '3,  and  melts  at  237°.  Tin  is  but  little 
acted'  upon  by  air  and  water,  even  conjointly  ;  when  heated  above 
its  melting-point,  it  oxidises  rapidly,  becoming  converted  into  a 
whitish  powder,  used  in  the  arts  for  polishing,  under  the  name  of 
putty  powder.  The  metal  is  attacked  and  dissolved  by  hydrochloric 
acid,  with  evolution  of  hydrogen;  nitric  acid  acts  mth  great  energy, 
converting  it  into  a  white  hydi-ate  of  the  dioxide. 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  classes  of  com- 
pounds, namely,  the  stannous  compounds,  in  which  it  is 
bivalent,  as  SnClg,  Snij,  SnO,  &c.,  and  the  stannic  compoimds, 
in  which  it  is  quadrivalent,  as  SnCl^,  SnOj,  &c.  ;  also  a  few  com- 
pounds called  stannoso-stannic  compounds,  of  intermediate 
composition,  e.g.,  SugClg,  Sn203,  &c. 

Chlorides. — The  dichloride,  or  Stannoris  ch  loride,  SnClo,  is 
obtained  in  the  anhydi'ous  state  by  distilling  a  mixtiire  of  calomel 
and  powdered  tin,  prepared  by  agitating  the  melted  metal  in  a 
•wooden  box  imtil  it  solidifies.  It  is  a  grey,  resinous-looking  sub- 
stance, fusible  below  redness,  and  volatile  at  a  high  temperature. 

The  hydrated  chlonde,  commonly  called  tin  salt,  is  easily 
prepared  by  dissolving  metallic  tin  in  hot  hydrochloric  acid.  It 
•crystallises  in  needles  containing  SnCl2.2H.2O,  which  are  freely 
Boluble  in  a  smaU  quantity  of  water,  but  are  apt  to  be  decomposed- 
in  part  when  put  into  a  large  mass,  unless  hydrochloric  acid  in 
excess  be  present.    Solution  of  stannous  chloride  is  employed  as  a 
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deoxidising  agent ;  it  reduces  the  salts  of  mercury  and  other  metals 
of  the  same  class.  It  is  also  extensively  employed  as  a  mordant  in 
dyeing  and  calico-printing  ;  sometimes  also  as  an  antichlore. 

Stannous  chloride  imites  with  the  chlorides  of  the  alkali-metals, 
forming  crystallisable  double  salts,  SnClg-SKCl,  &c.,  called  Stannoso- 
chlorides  or  Ghlorostannites. 

The  tetrachloride,  or  Stannic  chloride,  SnCl^,  formerly 
called  fuming  liquor  of  Lihavius,  is  made  by  exposing  metallic  tiii 
to  the  action  of  chlorine,  or,  more  conveniently,  by  distilling  a 
mixtiire  of  1  part  of  powdered  tin  with  5  parts  of  corrosive  subli- 
mate. It  is  a  thin,  colourless,  mobile  liquid,  boiling  at  120°,  and 
yielding  a  coloiuless  invisible  vapour.  It  fumes  in  the  air,  and 
when  mixed  with  a  thu'd  part  of  water,  solidifies  to  a  soft  fusible 
mass,  called  butter  of  tin.  The  solution  of  stannic  chloride  is  much 
employed  by  the  dyer  for  the  brightening  and  fixing  of  red  colours, 
and  is  sometimes  designated  by  the  old  names,  "composition, 
physic,  or  tin  solution;"  it  is  commonly  prepared  by  dissolving 
metalHc  tin  in  a  mixture  of  hydrochloric  and  nitric  acids,  care 
being  taken  to  avoid  too  great  elevation  of  temperature.  The 
solution  when  evaporated  yields  a  deliquescent  crystalline  hydrate, 
SnCl^.SHaO. 

Stannic  chloride  forms,  with  the  chlorides  of  the  alkali-metals  and 
alkaline  earth-metals,  crystalline  double  salts,  called  Stannochlorides 
or  Chlorostannates,  e.g.,  SnCl^.SNH^Cl ;  SnCl^.BaClg,  &c.  It  also 
forms  crystalline  compounds  with  the  pentachloride  and  oxychloride 
of  phosphorus,  viz.,  SnCl^.PClg,  and  SnCl^.POClj,  and  a  solid  com- 
pound with  phosphine,  containing  3SnCl4.2PH3. 

The  trichloride,  or  Stannoso-stannic  chloride,  known  only  in  solu- 
tion, is  produced  by  dissolving  the  sesquioxide  in  hydrochloric  acid. 
The  solution  acts  like  a  mixture  of  the  dichloride  and  tetrachloride. 

Fluorides. — Stannous  Fluoride,  SnFg,  obtained  by  evaporating 
the  solution  of  stannous  oxide  in  hydi'ofluoric  acid,  crystallises  in 
small  shining  opaque  prisms.  Stannic  fluoride,  SnF^,  is  not  known 
in  the  free  state,  but  unites  Math  other  metallic  fluorides,  form  in  o- 
crystalline  compounds,  called  stannofiuorides  or  fluostannates, 
isomorphous  with  the  corresponding  silicofluorides,  titanofluorides, 
and  zircofluorides.  The  potassium  salt  contains  SnF..2KF.H,0  th" 
barium  salt,  SnF^.BaFg,  &c. 

Oxides. — The  monoxide  or  Stannous  oxide,  SnO,  is  produced 
by  heating  stannous  oxalate  out  of  contact  with  the  air  ;  also  by 
ignitmg  stannous  hydrate.  This  hydrate,  SSnO.HgO,  or  SngHgOg, 
IS  obtained  as  a  white  precipitate  by  decomposing  stannous  chloride 
with  an  alkaline  carbonate,  caribou  dioxide  gas  being  at  the  same 
tune  evolved.  This  hydrate,  carefully  washed,  dried,  and  heated  in 
an  atmosphere  of  carbon  dioxide,  leaves  anhytboiis  stannous  oxide 
!Mi  a  dense  black  powder,  which  is  permanent  in  the  air,  but  when 
touched  with  a  red-hot  body,  takes  fire  and  burns  like  tinder,  pro- 
ducmg  the  dioxide.   The  hydrate  is  freely  soluble  in  caustic  potash  • 
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the  solution  decomposes  by  keepu:g  into  metallic  tin  and  dioxide. 
It  dissolves  also  in  sulpliimc  acid,  forming  stannous  suljjhate,  SnSO^, 
which  crystallises  in  needles. 

The  Scsquioxicle,  SngOg,  is  produced  by  the  action  of  hj'drated 
ferric  oxide  upon  staimous  chloride  :  it  is  a  greyish,  slimy  substance, 
soluble  in  hydrochloric  acid  and  in  ammonia.  This  oxide  has  been 
but  little  examined. 

The  dioxide,  or  Stannic  oxide,  SnO^,  occurs  native  as  tin-stone 
or  cassiterite,  the  common  ore  of  tin,  and  is  easily  formed  by  heating 
tin,  stannous  oxide,  or  stannous  hydrate  in  contact  with  the  air.  As 
thus  prepared  it  is  a  white  or  yellowish  amorphous  powder  ;  but  by 
passing  the  vapour  of  stannic  chloride  mixed  mth  aqueous  vapour 
through  a  red-hot  porcelain  twhe,  it  may  be  obtained  in  crystals.  It 
is  not  attacked  by  acids,  even  in  the  concentrated  state. 

Stannic  oxide  "forms  two  hydi-ates,  differing  from  one  another  iii 
composition  and  properties  ;  both,  however,  being  acids,  and  capable 
of  forming  salts  by  exchanging  their-  hycbogen  for  metals.  These 
hydrates  or  acids  are  stannic  acid,  SnOg.HgO,  or  HjSuO,,  and 
metastannic  acid,  Sa^Oio-5H20,  or  HioSn^dig,  the  former  being 
capable  of  exchanging  the  whole  of  its  hydrogen  for  metal,  and 
forming  the  stannates,  containing  MgSnOg  while  the  latter 
exchanges  only  one-fifth  of  its  hydrogen,  forming  the  metast an- 
nates, HgMgSngOig. 

Stannic  acid  is  precipitated  by  acids  from  sohrtions  of  alkaline 
stannates,  also  from  solution  of  stannic  chloride,  by  calciimi  or 
barium  carbonate  not  in  excess  ;  alkaline  carbonates  throw  down  an 
acid  stannate.  When  dried  in  the  air  at  ordinary  temperatures  it 
has,  according  to  Weber,  the  composition  SnOg.aHaO  ;  in  a  vacuum 
haK  the  water  is  given  off,  leaving  SnOg.HjO. 

Stannic  hydrate  dissolves  in  the  stronger  acids,  forming  the 
stannic  salts  ;  thus  with  sidphuric  acid  it  forms  stannic  sulphate, 
Sn(S04)2  or  SnO.SSOj.  Hydrochloric  acid  converts  it  into  the 
tetrachloride.    The  stannic  salts  of  oxygen-acids  are  very  rmstable. 

Stannates.— ^Xa.n-mc  hydrate  exhibits  acid  much  more  decidedly 
than  basic  properties.  It  forms  easily  soluble  salts  wdth  the  alkalis, 
and  from  these  the  insoluble  stannates  of  the  earth-metals  and  heavy^ 
metals  may  be  obtained  by  precipitation.  Sodium  stannate,  NaoSnOj, 
which  is  much  used  in  calico-printing  as  a  "preparing  salt"  or 
mordant,  is  produced  on  the  large  scale  by  fusing  tinstone  with 
hydrate,  nitrate,  chloride,  or  sirlphide  of  sodium  ;  by  boiling  the  tin 
ore  with  caustic  soda-solution ; '  by  fusing  metallic  tin  with  a  mixture 
of  sodium  nitrate  and  carbonate  ;  or  heating  it  with  soda-sobition 
mixed  with  sodium  nitrate  and  chloride.* 

Metastannic  acid  is  produced  by  the  action  of  nitric  acid  upon 
tin.  When  dried  in  the  air  at  ordinary  temperatiu-es  it  con- 
tains SSuC.lOHgO  or  HioSngOig.SHaO,  but  at  100°  it  gives  off 
5  molecules"  of  water,  and  is  reduced  to  HioSngOu.    It  is  a  white 

*  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  part  iv.  p.  35,  and 
part  V.  p.  342. 
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crystalline  powder  insoluble  iii  water  and  in  acids.  It  dissolves 
slowly  in  alkalis,  forming  metastannates,  but  it  is  gradviaUy 
deposited  in  its  original  state  as  the  sohition  absorbs  carbonic  acid 

from  the  aii-.    The  potassium  salt,  KjHgSnjOi^  or  4H^o  |  (^^^2)5  > 

may  be  precipitated  in  the  solid  state  by  adding  pieces  of  solid 
potash  to  a  solution  of  metastaimic  acid  in  cold  potash.  It  is 
gummy,  uncrystallisable,  and  strongly  alkaline.  The  sodium  salt, 
NajHgSnOig,  prepared  in  like  manner,  is  crystallo-gi-amilar,  and 
dissolves  siowiy,  but  completely,  in  water.  The  metastannates 
exist  only  in  the  hydi'ated  state,  being  decomposed  when  deprived 
of  their  basic  water. 

Tin  Sulphides. — The  monosulphide,  SnS,  is  prepared  by  fusing 
tin  with  excess  of  sulphur,  and  strongly  heating  the  product.  It  is 
a  lead-grey,  brittle  substance,  fusible  at  a  red  heat,  and  solirble,  with 
evolution  of  sulphiu-etted  hydrogen,  in  hot  hydrochloric  acid.  A 
sesquisulphide  may  be  formed  by  gently  heating  the  above  compound 
with  a  third  of  its  weight  of  sulphur  :  it  is  yellowish-grey,  and  easily 
decomposed  by  heat.  The  bisulphide,  SnSg,  or  Mosaic  gold,  is  pre- 
pared by  exposing  to  a  low  red  heat,  in  a  glass  flask,  a  mixture  of 
12  parts  of  tin,  6  of  mercury,  6  of  sal-ammoniac,  and  7  of  ilowers  of 
sulphur.  Sal-ammoniac,  cinnabar,  and  stannous  chloride  sublime, 
while  the  bisulphide  remains  at  the  bottom  of  the  vessel  in  the  form 
of  brilliant  gold-coloured  scales  :  it  is  used  as  a  substitute  for  gold 
powder.  The  same  compound  is  obtained  as  an  amorphous  light- 
yellow  powder  by  passing  hydrogen  sulphide  into  a  solution  of 
stannic  chloride. 

Stannous  salts  give  with  : 

Fixed  caustic  alkalis :  white  hydrate,  soluble  in  excess. 
Ammonia :    carbonates  ^    ,  . ,     ,  , 

of  potassium,  sodium,  \  ^^^^^  hydrate,  nearly  insoluble  m 
and  ammonium,      . ;  excess. 

'black-brown  precipitate  of  monosul- 
phide, soluble  in  ammonium  sul- 
phide containing  excess  of  sulphur, 
and  reprecipitated  by  acids  as 
yellow  bisulphide. 

Stannic  salts  give  with  : 

Fixed  caustic  alkalis :  white  hydrate,  soluble  in  excess. 
Ammonia :  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  carbonates :  white  hydrate,  slightly  soluble  in  excess. 
Ammonium  carbonate :  white  hydrate,  insoluble. 
Hydrofjen  sulphide :  yellow  precipitate  of  bisulphide. 
Ammonium  sulphide :  the  same,  soluble  in  excess. 

Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous 
chlonde,  gives  rise  to  a  browndsh-purijle  precipitate,  called  purple  of 
Oassius  (p  418). 


Hydrogen  sulphide, 
Ammonium  sulphide, 
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The  useful  applications  of  tin  are  very  numerous.  Tinned  plate 
consists  of  iron  superficially  alloyed  with  this  metal ;  pewter,  of  the 
best  kmd,  is  chiefly  tin,  hardened  by  the  admixture  of  a  little 
antiraony,  &c.  Cooking-vessels  of  copper  are  usually  tinned  in  tlie 
interior.  The  use  of  tin  solutions  in  dyeing  and  calico-printing  has 
been  already  mentioned. 


titaniitm:. 

Atomic  weight,  50.    Syrobol,  Ti. 

This  is  one  of  the  rarer  metals,  and  is  never  found  in  the  metallic 
state.  The  most  important  titanium  minerals  are  rutile,  hrooUte, 
and  anatase,  which  are  different  foi-ms  of  titanic  oxide,  and  the 
several  varieties  of  titaniferous  iron,  consisting  of  ferrous  titanate, 
sometimes  alone,  but  more  generally  mixed  with  ferric  or  ferroso- 
ferric  oxide.  Occasionally  in  the  slag  adhering  to  the  bottom  of 
blast-furnaces  in  which  iron  ore  is  reduced,  small  brilliant  copper- 
coloured  cubes,  hard  enough  to  scratch  glass,  and  iu  the  highest 
degree  mfusible,  are  foimd.  This  substance,  of  which  a  single 
smelting  furnace  in  the  Hartz  produced  as  much  as  80  pounds,  was 
formerly  believed  to  be  metallic  titanium.  Wohler,  however,  has 
shown  it  to  be  a  combination  of  titanium  cyanide  with  titanium 
nitride.  When  these  crystals  are  powdered,  mixed  with  potassium 
hydrate,  and  fused,  ammonia  is  evolved,  and  potassium  titanate  is 
formed.  Metallic  titanium  in  a  finely  divided  state  may  be  obtained 
by  heating  titanium  and  potassium  fluoride  with  potassium.  This 
element  is  remarkable  for  its  aflinity  for  nitrogen  :  when  heated  ia 
the  air,  it  simultaneously  absorbs  oxygen  and  nitrogen. 

Titanium 'is  tetradic,  like  tin,  and  forms  two  classes  of  com- 
pounds :  the  titanic  compounds,  in  which  it  is  quadrivalent,  e.g., 
TiCl^,  Ti02,andthe  titanous  compounds,  in  which  it  is  apparentlv 

•  TiCL 

trivalent,  but  really  also  quadrivalent,  e.g.,  TigClg,  or  | 

Tia3. 

Chlorides.— KianoMs  chloride,  TigCIg,  is  produced  by  passing  the 
vapour  of  titame  chloride  mixed  with  hydrogen  through  a  red-hot 
tube  ;  It  forms  dark  violet  scales  having  a  strong  lustre.  Titanic 
chloride  T1CI4,  is  prepared  by  passing  chlorine  over  an  ignited 
mixtm-e  of  titanic  oxide  and  charcoal.  It  is  a  colourless,  volatile, 
fuming  liquid,  having  a  specific  gravity  of  1'7609  at  0°,  vapour- 
density  ^  6-658,  and  boiling  at  135°.  It  unites  very  violently  with 
water,  and  forms  definite  compounds  with  ammonia,  ammonium 
chloride,  hydrogen  cyanide,  cyanogen  chloride,  phosphine,  and  sul- 
phur tetrachloride. 

Fluorides.— ritonoMS  fluoride,  Ti^F^,  is  obtained  as  a  violet 
powder  by  igniting  potassio- titanic  fluoride  in  hydrogen  ga,s,  and 
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treating  the  resulting  mass  with  hot  water,  manic  fluoride,  TiF, 
passes  over  as  a  fuming  colourless  liquid,  when  titanic  oxide  is 
distilled  with  fluor-spar  and  fuming  sulphuric  acid  in  a  platinum 
apparatus.  It  unites  with  hydrofluoric  acid  and  metallic  fluorides, 
lorming  double  salts  called  titano-fluorides  or  fluotitan'ates 
isomorphous  with  the  silicofluorides,  zircofluorides  &c  '  en' 
TiF,.2KF;TiF,.CaF2. 

Oxides.— The  sesqidoxide,  or  Titanous  oxide,  Ti^O^,  is  obtained  by 
igniting  the  dioxide  in  hydrogen,  as  a  black  powder,  which,  when 
heated  in  the  air  to  a  very  high  temperature,  oxicUses  to  titanic  oxide. 

ihe  dioxide,  or  Titanic  oxide,  occurs  native  in  tlu-ee  difi'erent 
forms,  viz.,  as  rutile  and  anatase,  which  are  dimetric,  and  brookite 
which  is  trimetric  ;  of  these  anatase  is  the  purest,  and  rutile  the 
most  abundant.  To  obtain  pure  titanic  oxide,  rutile  or  titaniferous 
iron  ore,  reduced  to  fine  powder,  is  fused  with  twice  its  weight  of 
potassium  canbonate,  and  the  fused  mass  is  dissolved  in  dilute  hydro- 
fluoric acid,  whereupon  titano-fluoride  of  potassiiun  soon  begins  to 
separate.  From  the  hot  aqueous  solution  of  this  salt,  ammonia 
tJirows  down  snow-white  ammonium  titanate,  which  is  easily 
soluble  m  hydrochloric  acid,  and  when  ignited  gives  reddish-brown 
lumps  of  titamc  oxide.  This  oxide  is  insoluble  in  water,  and  in  all 
acids  except  strong  sulphuric  acid.  By  fusing  it  with  six  times  its 
weight  ot  acid  potassium  sulphate,  a  clear  yellow  mass  is  obtained, 
which  dissolves  perfectly  in  warm  water. 

Titanic  oxide  appears  to  form  two  hydrates  or  acids,  analogous  to 
stanmc  and  metastannic  acids.  One  of  these,  called  titanic  acid, 
is  precipitated  by  ammonia  from  a  solution  of  titanic  chloride,  as  a 
white  powder  which  dissolves  easily  in  sulphuric,  nitric,  and  hydro- 
chloric acids,  even  when  these  acids  are  rather  dilute ;  but  these 
dilute  solutions  when  boiled,  deposit  metatitanic  hydrate  as  a 
soft  white  powder,  which,  like  the  anhydrous  oxide,  is  insoluble  in 
all  acids  except  strong  sulphuric  acid. 

The  titanatesAave  not  been  much  studied;  most  of  them  may 
AT  n^'n"'^.^'^  by  the  formulae  M,TiO,=2M,O.Ti03,  and  M^TiO^i 
MsO.liOa  (the  synabol  M  denoting  a  univalent  metal).  The  titan- 
ates  ol  calcium  and  iron  occur  as  natural  minerals.  The  titanates 
ot  the  alkali-metals  are  formed  by  fusing  titanic  oxide  vvith  alkaline 
hyclrates,  carbonates,  or  acid  sulphates-some  of  them  also  in  the 
wet  way  When  finely  pulverised  and  levigated,  they  dissolve  in 
moderately  warm,  concentrated  hydrochloric  acid;  but  the  greater 
part  ot  the  dissolved  titanic  acid  is  precipitated  on  boiling  the  solu- 
tion  with  ddute  acids.  The  neutral  titanates  of  the  alkaU-metals, 
.vi^iiUg,  are  insoluble  m  water,  but  soluble  in  acids.  The  titanates 
01  tne  earth-metals  and  heavy  metals  are  insoluble,  and  may  be 
obtained  by  precipitation.  ' 

%  ^°^"tion  of  titanic  acid  in  hydrochloric  acid,  containing  as 
httle  Iree  acid  as  possible,  tinchvre  of  galls  produces  an  orange- 
coloured  precipitate;  potassium ferrocyanide,  a  dark  brown  preciji- 
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tate.  Titanic  oxide  fused  with  horax,  or  better,  with  microcosmic 
salt,  in  the  inner  blowpipe  flame,  forms  a  glass  wMch  is  yellow  while 
hot,  but  becomes  violet  on  cooling.  The  delicacy  of  the  reaction  is 
much  increased  by  melting  a  httle  metallic  zinc  in  the  bead. 


LEAD. 

Atomic  weight,  207.  Symbol,  Pb  (Plumbum). 
This  abundant  and  useful  metal  is  altogether  obtained  from  the 
native  sulphide,  or  galena,  no  other  lead- ore  being  found  in  large 
quantity.  The  reduction  is  effected  in  a  reverberatory  furnace,  irito 
which  the  crushed  lead-ore  is  introduced  and  roasted  for  some  time 
at  a  dull  red  heat,  by  which  much  of  the  sulphide  becomes  changed 
by  oxidation  to  sulphate.  The  contents  of  the  fui-nace  are  then 
thoroughly  mixed,  and  the  temperature  raised,  when  the  sulphate 
and  sulphide  react  upon  each  other,  producing  sulphurous  oxide  and 
metallic  lead : 

PbSO^  +  PbS  =  Pb2  +  2SO2 . 

Lead  is  a  soft  bluish  metal,  possessing  very  little  elasticity  ;  its 
specific  gravity  is  11-45.  It  may  be  easily  rolled  out  into  plates,  or 
drawn  out  into  coarse  wires,  but  has  very  little  tenacity.  It  melts 
at  315-5°,  or  a  little  above,  and  boils  and  volatilises  at  a  white  heat. 
By  slow  cooling,  it  may  be  obtained  in  octohedral  crystals.  In 
moist  air  this  metal  becomes  coated  with  a  him  of  grey  niatter, 
thought  to  be  suboxide,  and  when  exposed  to  the  atmosphere  in  the 
melted  state  it  rapidly  absorbs  oxygen.  Dilute  acids,  with  the  ex- 
ception of  nitric  acid,  act  but  slowly  upon  lead. 

Lead  is  a  tetrad,  as  shown  by  the  constitution  of  plumbic  ethide, 
Pb(C2H,)^  ;  but  in  its  inorganic  combinations  it  appears  dyadic, 
forming'  but  one  chloride,  PbClg,  with  correspondiug  bromide  and 
iodide.  The  oxi  de  corresponding  with  these  is  Pb^,  and  there  are  also 
higher  oxides  in  which  the  metal  may  be  regarded  either  as  a  dyad, 
or  as  a  tetrad :  thus  the  dioxide  PbOg  may  be  formulated  either  as 
0 

0=Pb=0,  or  as  Pb/ I  . 

^0 

Lead  Chloride,  PbClg,  is  prepared  by  precipitating  a  solution  of 
lead  nitrate  or  acetate  with  hydrochloric  acid  or  common  salt.  It 
separates  as  a  heavy  white  crystalline  precipitate,  which  dissolves  in 
about  33  parts  of  boiling  water,  and  separates  again,  on  cooling,  in 
needle-shaped  crystals. 

There  are  several  oxychlorides  of  lead,  one  of  which,  PbgClaO,,  or 
PbClg.aPbO,  occurs  crystallised  in  right  rhombic  prisms  on  the 
Mendip  Hills,  thence  called  mendipite.  Another,  constituting 
Pattinson's  white  oxy chloride,  PbjClaO  or  PbClo.PbO,  is  prepared 
for  use  as  a  pigment  by  grinding  galena  with  strong  hydrochloric 
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acid,  dissolving  the  resulting  chloride' in  hot  water,  and  precipitat- 
jng  -w-ith  lime-water.  A  third  oxychloride,  PhCla.VPljO,  called 
patent  yelloio  or  Turnei-'s  yellow,  is  prepared  by  heating  1  part  of 
sal-ammoniac  with  10  parts  of  litharge. 

Lead  Iodide,  Pbig,  is  precipitated,  on  mixing  lead  nitrate  or 
acetate  with  potassium  iodide,  as  a  bright  yellow  powder,  which  dis- 
solves in  boiling  water,  and  crystallises  therefrom  in  beautiful 
yellow  iridescent  spangles. 

Oxides. — The  monoxide,  PbO,  called  litharge  or  massicot,  is  the 
product  of  the  dii-ect  oxidation  of  the  metal.  It  is  most  conveniently 
prepared  by  heating  the  carbonate  to  diill  redness  ;  common 
litharge  is  impure  monoxide  which  has  undergone  fusion.  Lead 
oxide  has  a  delicate  straw-yellow  colour,  is  very  heavy,  and  slightly 
soluble  in  water,  giving  an  alkaline  liquid.  It  is  soluble  in  potash, 
and  crystallises  irom  the  solution  in  rhombic  prisms.  At  a  red 
heat  it  melts,  and  tends  to  crystallise  on  cooling.  In  the  melted 
state  it  attacks  and  dissolves  siHcious  matter  with  astonishing 
facility,  often  penetrating  an  earthen  crucible  in  a  few  minutes.  It 
is  easily  reduced  when  heated  with  organic  substances  of  any  kind 
containing  carbon  or  hydrogen.  It  forms  a  large  class  of  salts,  often 
called  plumbic  salts,  which  are  coloiuiess  if  the  acid  itself  is  not 
coloirred.  * 

Triplumbic  tetr oxide,  or  Bed  lead,  is  not  of  very  constant  composi- 
tion, but  generally  contains  PbgO^  or  SPbO.PbO,.  It  is  prepared 
by  exposing  the  monoxide,  which  has  not  been  fused,  for  a  long  time 
to  the  air,  at  a  very  faint  red  heat ;  it  is  a  briUiant  red  and  extremely 
heavy  powder,  decomposed,  with  evolution  of  oxygen,  by  a  strong 
heat,  and  converted  by  acids  into  a  mixture  of  monoxide  and' 
dioxide.    It  is  used  as  a  cheap  substitute  for  vermilion. 

The  dioxide,  PbOg,  often  called  _pMce  or  broivn  lead-oxide,  is  obtained 
without  difficulty  by  digesting  red  lead  in  dilute  nitric  acid,  whereby 
lead  nitrate  is  dissolved  out,  and  insoluble  dioxide  left  behind  in 
the  form  of  a  deep-brown  powder.  The  dioxide  is  decomposed  by  a 
red  heat,_  yielding  iip  one-half  of  its  oxygen.  Hydrochloric  acid 
converts  it  into  lead  chloride,  with  disengagement  of  chlorine  ;  hot 
oil  of  vitriol  forms  with  it  lead  sulphate,  and  liberates  oxygen.  The 
dioxide  IS  very  useful  in  separating  sulphurous  acid  from  certain 
^^eous  mixtures,  lead  sulphate  being  then  produced  :  PbOg-l-SOa 

Diplumbic  oxide,  or  Lead  suboxide,  PbgO,  is  formed  when  the 
monoxide  is  heated  to  dull  redness  in  a  retort :  a  grey  pulverulent 
substance  is  then  left,  which  is  resolved  by  acids  into  monoxide  and 
metal.  It  absorbs  oxygen  with  great  rapidity  when  heated,  and 
even  when  simply  moistened  with  water  and  exposed  to  the  air. 

Lead  Nitrate,  Pb(N03)2,  or  PbCNgO^,,  may  be  obtained  by  dis- 
solving learl  carbonate  in  nitric  acid,  or  by  acting  directiy  upon  the 
metal  hy  the  same  agent  with  the  aid  of  heat :  it  is,  as  already 
noticed,  a  bye-product  in  the  preparation  of  the  dioxide.  It 
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crystallises  in.  anhydrous  octohedrons,  which  are  usually  milk-white 
and  opaque.  It  dissolves  in  7^  parts  of  cold  water,  and  is  decom- 
posed by  heat,  yielding  nitrogen  tetroxide,  oxygen,  and  lead 
monoxide,  which  obstinately  retains  traces  of  nitrogen.  When  a 
solution  of  this  salt  is  boiled  with  an  additional  quantity  of  lead 
oxide,  a  portion  of  the  latter  is  dissolved,  and  a  basic  mtrate 
generated,  which  may  be  obtained  in  crystals.  Carbonic  acid 
separates  this  excess  of  oxide  in  the  form  of  a  white  compound  of 
carbonate  and  hydrate  of  lead. 

Neutral  and  basic  compounds  of  lead  oxide  with  the  trioxide  and 
tetroxide  of  nitrogen,  have  been  described.  These  last  are  probably 
formed  by  the  combination  of  a  nitrite  with  a  nitrate. 

Lead  Carbonate  ;*  Wliite  Lead;  PbCOg  or  PbO.CO,.— This  salt 
is  sometimes  found  beautifully  crystallised  in  long  white  needles, 
accompanying  other  metallic  ores.    It  may  be  prepared  artificially 
by  precipitating  in  the  cold  a  solution  of  the  nitrate  or  acetate 
with  an  alkaline  carbonate :  when  the  lead  solution  is  boiling,  the 
precipitate  is  a  basic  salt  containing  SPbCOj.PbHjOg.    It  is  also 
manufactured  to  an  immense  extent  by  other  means  for  the  use  of 
the  painter.    Pure  lead  carbonate  is  a  soft  white  powder,  of  great 
specific  gravity,  insoluble  in  water,  but  easily  dissolved  by  dilute 
nitric  or  acetic  acid.    Of  the  many  methods  put  in  practice,  or  pro- 
posed, for  making  white  lead,  the  two  following  are  the  most  im- 
portant and  interesting.    One  of  these  consists  in  forming  a  basic 
nitrate  or  acetate  of  lead  by  boiling  finely  powdered  litharge  with  the 
neutral  salt.    This  solution  is  then  brought  into  contact  with  carbonic 
acid  gas,  whereby  aU  the  excess  of  oxide  previously  taken  up  by  the 
neutral  salt  is  at  once  precipitated  as  white  lead.    The  solution 
strained  or  pressed  from  the  latter  is  again  boiled  with  litharge,  and 
treated  with  carbonic  acid :  these  processes  are  susceptible  of  indefinite 
repetition,  whereby  the  little  loss  of  neutral  salt  left  in  the  precipi- 
tates is  compensated.    The  second,  and  by  far  the  more  ancient 
method,  is  rather  more  complex,  and  at  first  sight  not_  very  intel- 
ligible.   A  great  number  of  earthen  jars  are  prepared,  into  each  of 
which  is  poured  a  few  oimces  of  crude  vinegar  ;  a  roll  of  sheet 
lead  is  then  introduced  in  such  a  manner  that  it  shall  neither  touch 
the  vinegar  nor  project  above  the  top  of  the  jar.    The  vessels  are 
next  arranged  in  a  large  building,  side  by  side,  upon  a  layer  of 
stable  manure,  or,  still  better,  spent  tan,  and  closely  covered  with 
boards.    A  second  layer  of  tan  is  spread  upon  the  top  of  the  latter, 
and  then  a  second  series  of  pots  ;  these  are  in  tiu-n  covered  with  boards 
and  decomposing  bark,  and  in  this  manner  a  pile  of  many  alterna- 
tions is  constructed.    After  the  lapse  of  a  considerable  time,  the 
pile  is  taken  down  and  the  sheets  of  lead  are  removed  and  carefiilly 
um-oUed ;  they  are  then  found  to  be  in  great  part  converted  into 
carbonate,  which  merely  requires  washing  and  grmding  to  be  fit  for- 
use.    The  nature  of  this  curious  process  is  generally  explained  by 
supposmg  the  vapour  of  vinegar  raised  by  the  high  temperatui-e  of 
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the  fermenting  matter,  merely  to  act  as  a  carrier  between  the  carbonic 
acid  evolved  from  the  tan  and  the  lead  oxide  formed  under  the 
influence  of  the  acid  vapour,  a  neutral  acetate,  a  basic  acetate,  and  a 
carbonate  being  produced  in  succession,  and  the  action  gradually 
travelling  fi'om  the  surface  inwards.  The  quantity  of  acetic  acid 
used  is,  in  relation  to  the  lead,  quite  trifling,  and  cannot  directly 
contribute  to  the  production  of  the  carbonate.  A  preference  is  still 
given  to  the  product  of  this  old  mode  of  manufactiu'e,  on  account  of 
its  superior  opacity,  or  hochj,  over  that  obtained  by  precipitation. 
Commercial  white  lead,  however  prepared,  always  contains  a  certain 
proportion  of  hydi'ate.  It  is  sometimes  adulterated  with  barium 
sulphate. 

When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to 
the  air,  a  white,  crystalline,  scaly  powder  begins  to  show  itself  in  a 
few  hours,  and  very  rapidly  increases  in  quantity.  This  substance 
may  consist  of  lead  hydrate,  formed  by  the  action  of  the  oxygen 
dissolved  in  the  water  upon  the  lead.  It  is  slightly  soluble,  and 
may  be  readily  detected  in  the  water.  In  most  cases,  however,  the 
formation  of  this  deposit  is  due  to  the  action  of  the  carbonic  acid 
dissolved  in  the  water  :  it  consists  of  carbonate  in  combination  with 
hydrate,  and  is  nearly  insoluble  iu  water.  When  common  river  or 
spring  water  is  substituted  for  the  pure  liquid,  this  effect  is  less 
observable,  the  little  siiLphate,  almost  invariably  present,  causing  the 
deposition  of  a  vei-y  thin  bur  closely  adherent  film  of  lead  sulphate 
upon  the  surface  of  the  metal,  which  protects  it  from  further  action. 
It  is  on  this  account  that  leaden  cisterns  are  used  with  impunity,  at 
least  in  most  cases,  for  holding  water':  if  the  latter  were  quite  pure, 
it  would  be  speedily  contaminated  with  lead,  and  the  cistern  woulcl 
be  soon  destroyed.  Natiural  water  highly  charged  with  cl,rbonic  acid 
cannot,  under  any  circumstances,  be  kept  in  lead  or  passed  tlirough 
leaden  pipes  with  safety,  the  carbonate,  though  insoluble  in  pure 
water,  being  slightly  soluble  in  water  containing  carbonic  acid. 

The  soluble  salts  of  lead  behave  with  reagents  as  follows  :— 
Caustic  potash  and  soda  precipitate  a  white  hydrate  freely  soluble 
in  excess.  Ammonia  gives  a  similar  white  precipitate,  not  soluble 
m  excess.  The  carbonates  of  potassium,  sodium,  and  avimonium 
precipitate  lead  carbonate,  insoluble  in  excess.  Sulphuric  acid  or  a 
mlphate  causes  a  white  precipitate  of  lead  sulphate,  insoluble  in  nitric 
acid.  Hydrogen  sulphide  and  aminonium  sulphide  throw  dovm  black 
lead  sulphide.  Lead  is  readily  detected  before  the  blowpipe  by 
rusmg  the  compound  under  examination  on  charcoal  with  sodium 
carbonate,  when  a  bead  of  metal  is  easily  obtained,  which  is  recog- 
nised by  its  chemical  as  weU  as  physical  properties. 

An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  plumbers'  solder ; 
these  proportions  reversed  give  a  more  fusible  compound,  called  fine 
solder.  Ihe  lead  employed  in  the  manufacture  of  sliot  is  combined 
with  a  little  arsenic. 
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CLASS  v.— PENTAD  METALS. 


ANTIMONY. 

Atomic  weight,  122.    Symbol,  Sb  (Stibium). 

This  important  metal  is  found  chiefly  in  the  state  of  sulphide.  The 
ore  is  freed  by  fusion  fi-om  earthy  impurities,  and  is  afterwards 
decomposed  by  heating  with  metallic  iron  or  potassium  carbonate, 
which  retains  the  sulphiu". 

Antimony  has  a  bluish-white  colour  and  strong  lustre  :  it  is 
extremely  brittle,  being  reduced  to  powder  with  the  utmost  ease. 
Its  specific  gravity  is  6-8  ;  it  melts  at  a  temperature  just  short  of 
redness,  and  boils  and  volatilises  at  a  white  heat.  It  has  always 
a  distijict,  crystallme,  platy  structure,  but  by  particular  management 
it  may  be  obtained  in  crystals,  which  are  rhombohedral.*  It  is  not 
oxidised  by  the  air  at  common  temperatures  :  when  strongly  heated, 
it  burns  with  a  white  flame,  producing  oxide,  wliich  is  often , 
deposited  in  beautiful  crystals.  It  is  dissolved  by  hot  hydrochloric 
acid,  with  evolution  of  hydrogen  and  production  of  chloride.  Nitric 
acid  oxidises  it  to  antimonic  acid,  which  is  insoluble  ia  that  liquid. 

Antimony  forms  two  classes  of  compounds,  the  antimonious  com- 
pounds in  which  it  is  trivalent,  as  SbClg,  SbaOg,  Sh^S^,  &c.,  and  the 
antimonic  compounds  in  which  it  is  quinquivalent,  as  SbClg,  SbjOj, 
Sb^S.,  &c. 

Chlorides. — The  trichloride  or  Antimonious  chloride,  SbClj, 
formerly  called  butter  of  antimony,  is  produced  when  hydrogen 
sulphide  is  prepared  by  the  action  of  strong  hydrochloric  acid  on 
antimonious  sulphide.  The  impure  and  highly  acid  solution  thus 
obtained  is  put  iato  a  retort  and  distilled,  until  each  drop  of  the  con- 
densed product,  on  falling  iato  the  aqueous  liqmd  of  the  receiver, 
produces  a  copious  white  precipitate.  The  receiver  is  then  changed 
and  the  distillation  coutiaued.  Pui-e  antimonious  chloride  then 
passes  over,  and  solidifies  on  cooling  to  a  white,  highly  crystaUine 
mass,  from  which  the  air  must  be  carefully  excluded.  The  same 
compound  is  formed  by  distilling  metallic  antimony  in  powder  with 
2-^  times  its  weight  of  corrosive  sublimate.  Antimonious  cUoride  is 
very  deliquescent :  it  dissolves  in  strong  hydrochloric  acid  without 
decomposition,  and  the  solution  poiu'ed  into  water  gives  rise  to  a 
white  bulky  precipitate,  which,  after  a  short  time,  becomes  highly 
crystalline,  and  assumes  a  pale  fawn  colour.    This  is  the  old  poicder 

*  On  electrolysing  a  solution  of  one  part  of  tartar-emetic  in  4  parts  of 
antimonious  chloride  by  a  small  battery  of  two  elements,  antimony  forming 
the  positive,  and  metallic  copper  of  tlie  negative  pole,  crusts  of  antimony  are  ■ 
obtained,  which  possess  the  remarkable  property  of  exploding  and  catching 
lire  when  cracked  or  broken.— -Gore,  Proceedings  oftlie  Royal  Society,  ix.  70. 
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of  Algaroth;  it  is  a  compound  of  trichloride  and  trioxide  of  antimony. 
Allvaline  solutions  extract  the  chloride  and  leave  the  oxide.  Finely 
powdered  antimony  thrown  into  chlorine  gas  talces  fire. 

The  Pentachloride  or  Antimonic  chloride,  ShClg,  is  formed  by  jDassing 
a  stream  of  chlorine  gas  over  gently  heated  metallic  antimony :  a 
nnxture  of  the  two  chlorides  results,  which  may  be  separated  by 
distillation.  The  pentachloride  is  a  colourless  volatile  liquid, 
which  forms  a  crystalline  compound  with  a  small  portion  of  water' 
but  is  decomposed  by  a  lai-ger  quantity  into  antimonic  and  hydro- 
chloric acids. 

Antimonious  Hydride.  Antimonetted  Hydrogen.  Stibine 

SbHj.— When  zinc  is  put  into  a  solution  of  antimonious  oxide  and 
sulphuric  acid  added,  part  of  the  hydrogen  combines  with  the 
antimony,  and  the  resulting  gas,  which  is  a  mixture  of  stibine  with 
free  hydrogen,  burns  with  a  greenish  flame,  giving  rise  to  white 
fumes  of  antimonious  oxide.  When  the  gas  is  conducted  throuo-h  a 
red-hot  glass  tube  of  narrow  dimensions,  or  burned  with  a  limited 
supply  of  air,  as  when  a  cold  porcelain  surface  is  pressed  into  the 
flame,  metallic  antimony  is  deposited.  On  passing  a  cui-rent  of 
antimonetted  hydrogen  through  a  solution  of  silver  nitrate,  a  black 
precipitate  is  obtained,  containing  SbAgg:  from  the  formation  of  this 
compound  it  is  inferred  that  the  gas  has  the  composition  SbH 
analogous  to  ammonia,  phosphine,  and  arsine.  There  are  also 
several  analogous  compounds  of  antimony  with  alcohol- radicles 
such  as  trimethylstihine,  Sb(CH3)3,  triethylstibine,  Sb(C2H5)3,  &c.  ' 

Oxides.— Antimony  forms  two  oxides,  SbgOg  and  SbgOg,  analogous 
to  the  chlorides,  the  first  being  a  basic  and  the  second  an  acid 
oxide,  also  an  intermediate  neutral  oxide,  Sh^O^.  The  trioxide  or 
Antimoniov^  oxide,  S\Os,  occm-s  native,  though  rarely,  as  valentinite 
or  white  antimony,  m  shining  white  trimetric  crystals  ;  also  as' 
senarmontite  in  regular  octohedrons  :  it  is  therefore  dimorphous.  It 
may  be  prepared  by  several  methods :  as  by  burning  metallic 
antunony  at  the  bottom  of  a  large  red-hot  crucible,  in  which  case  it 
IS  obtained  in_  brilliant  crystals ;  or  by  pouring  solution  of  anti- 
monious chloride  into  water,  and  digesting  the  resulting  precipitate 
with  a  solution  of  sodium  carbonate.  The  oxide  thus  "produced'  is 
anhydrous  ;  it  is  a  pale  buff-coloured  powder,  fusible  at  a  red  heat 
and  volatile  m  a  closed  vessel,  but  in  contact  with  air  at  a  hio-h 
temperature,  it  absorijs  oxygen  and  becomes  changed  into  the 
tetroxide.  When  boiled  with  cream  of  tartar  (acid  potassium 
tartrate).  It  is  dissolved,  and  the  solution  yields  on  evaporation 
crystals  of  tartar  emetic,  which  is  almost  the  only  antimonious  salt 
that  can  bear  adnuxture  with  water  without  decomposition.  An 
impure  oxide  for  this  purpose  is  sometimes  prepared  by  carefully 
roasting  the  powdered  sulphide  in  a  reverberatory  furnace,  and 
raising  the  heat  at  the  end  of  the  process,  so  as  to  fuse  the  product  ■ 
it  has  long  been  known  under  the  name  glass  of  antimony,  or  vitrum 
cmtimmm. 
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Aiitimonious  oxide  likewise  acts  as  a  feeble  acid,  forming  salts 
called  antimonites  which,  however,  are  very  unstable. 

The  tctroxide,  or  Antimonoso-antimonic  oxide,  ^^0^  or  Sb203.Sb205, 
occurs  native  as  cervantite,  or  antimony  ochre,  in  acicular  crystals,  or 
as  a  crust  or  powder.  It  is  the  ultimate  product  of  the  oxidation  of 
the  metal  by  heat  and  air  :  it  is  a  greyish-white  powder,  infusible 
and  non- volatile,  insoluble  in  water  and  acids,  except  when  recently 
precipitated.  On  treating  it  with  tartaric  acid  (acid  potassium 
tartrate),  antimonious  oxide  is  dissolved,  antimonic  acid  remahiing 
behind  ;  and  when  a  solution  of  the  tetroxide  in  hydrochloric  acid 
is  gradually  dropped  into  a  large  quantity  of  water,  antimoniOus 
oxide  is  precipitated,  while  antimonic  acid  remains  dissolved. 
From  these  and  similar  reactions  it  has  been  inferred  that  the 
tetroxide  is  a  compound  of  the  trioxide  and  pentoxide.  On  the 
other  hand,  it  is  sometimes  regarded  as  a  distinct  oxide,  because  it 
dissolves  without  decomposition  in  alkalis,  forming  salts  (often 
called  antimonites)  which  may  be  obtained  in  the  solid  state.  Two 
potassium  salts,  for  example,  have  been  formed,  containing  KaO.SbgO^ 
and  KaO.aSbjO^  ;  and  a  calcium  salt,  3Ca0.2Sb204,  occurs  as  a 
natiiral  mineral,  called  romeine.  These  salts  may,  however,  be 
regarded  as  compounds  of  antimonates  and  antimonites  (contain- 
ing SbaOa)  :  thus,  2(K20.Sb204)  ^KsO.Sb^Og-t-KgO.SbaOj. 

The  pentoxide,  or  Antimonic  oxide,  Sb20-,  is  formed  as  an  insoluble 
hydi-ate  when  strong  nitric  acid  is  made  to  act  upon  metallic 
antimony  ;  and,  on  exposing  this  hydrate  to  a  heat  short  of  redness, 
it  yields  the  anhydrous  pentoxide  as  a  pale  straw-coloured  powder, 
insoluble  in  water  and  acids.  It  is  decomposed  by  a  red  heat, 
yielding  the  tetroxide. 

Hydrated  antimonic  oxide  is  likewise  obtained  by  decomposing 
antimony  pentachloride  with  an,  excess  of  water,  hydrochloric  acid 
being  formed  at  the  same  time.  The  hydrated  oxides,  or  acids, 
produced  by  the  two  processes  mentioned,  differ  in  many  of  their 
properties,  and  especially  in  their  deportment  vrith  bases.  The  acid 
produced  by  nitric  acid,  called  antimonic  acid,  is  monobasic, 
producing  normal  salts  of  the  form  M20.Sb205  or  MSbOg,  and  acid 
salts,  containing  M20.2Sb20j;  or  2MSb03.Sb206.  The  other,  called 
metantimonic  acid,  is  bibasic,  forming  normal  salts  containing 
2M20.Sb305  or  M4Sb207,  and  acid  salts  containing  2M20.2Sb205  or 
M20.Sb20g,  so  that  the  acid  metantimonates  are  isomeric  or  poly- 
meric with  the  normal  aatimonates  Among  the  metantimonates 
an  acid  potassium  salt,  K2O.Sb2O5.7H3O,  is  to  be  particularly 
noticed  as  yielding  a  precipitate  with  sodium  salts  :  it  is,  indeed, 
the  only  reagent  which  precipitates  sodium.  It  is  obtained  by 
fusino-  aatimonic  oxide  with  an  excess  of  potash  in  a  silver  cru- 
cible''dissolving  the  fused  mass  in  a  small  quantity  of  cold  wat^r, 
and  allowing  it  to  crystallise  in  a  vacuum.  The  crystals  consist 
of  normal  potassium  metantimonate,  2K20.Sb205,  and,  when  dis-- 
solved  in  pure  water,  are  decomposed  into  free  potash  and  acid 
metantimonate. 
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Sulphides. — The  trisulphide,  Antimonioim  sulphide,  81)283,  occurs 
native  as  a  lead-grey,  brittle  substance,  having  a  radiated  crystalline 
texture,  and  easily  fusible.  It  may  be  pre])ared  artificially  by 
melting  together  antimony  and  sulphur.  When  a  solution  of 
tartar-emetic  is  precipitated  by  hydrogen  sulphide,  a  brick-red  pre- 
cipitate falls,  which  is  the  same  substance  combined  with  a  little 
water.  If  the  precipitate  be  dried  and  gently  heated,  the  water 
may  be  expelled  without  other  change  of  colour  than  a  little 
darkening,  but  at  a  higher  temperature  it  assumes  the  colour  and 
aspect  ot  the  native  sulphide.  This  remarkable  change  probably 
indicates  a  passage  from  the  amorphous  to  the  crystalline  state. 
When  powdered  antimonious  sulphide  is  boiled  in  a  solution  of 
caustic  potash,  it  is  dissolved,  antimonious  oxide  and  potassium 
sulphide  being  produced  ;  and  the  latter  unites  with  an  additional 
qiiantity  of  antimonious  sulphide  to  form  a  soluble  sulphiu--salt, 
in  which  the  potassium  sulphide  is  the  sulphur-base,  and  the 
antimonious  sulphide  is  the  sulphur-acid  : 

3K2O  +  SSbjSs  =  SbaOj  +  SKaS.SbaSa . 

The  antimonious  oxide  separates  in  small  crystals  from  the  boiling 
solution  when  the  latter  is  concentrated,  and  the  sulphur-salt  dis- 
solves an  extra  portion  of  antimonious  sulphide,  which  it  again 
deposits  on  cooling  as  a  red  amorphous  powder,  containing  a  small 
admixture  of  antimonious  oxide  and  potassium  sulphide.  This  is 
the  Jcermes  minaral  of  the  old  chemists.  The  filtered  solution  mixed 
with  an  acid  gives  a  potassium  salt,  hydrogen  sulphide,  and  precipi- 
tated antimonious  sulphide.  Kermes  may  also  be  made  hj  fusing 
a  mixture  of  5  parts  antimonious  sulphide  and  3  of  dry  sodium 
carbonate,  boiling  the  mass  in  80  parts  of  water,  and  filtering  while 
hot  :  the  compound  separates  on  cooling.  The  compounds  of 
antimonious  sulphide  with  basic  sulphides  are  called  sulph- 
antimonites ;  many  of  them  occur  as  natural  minerals.  For  examjDle  : 
zinkenite,  PbS.Sb2S3  ;  feather-ore,  SPbS.SbjSg  ;  boulangerite, 
SPbS.SbjSg ;  fahlore,  or  tetrahedrite,  4Cu2S.Sb2S3,  the  antimony 
being  more  or  less  replaced  by  arsenic,  and  the  copper  by  silver, 
iron,  zinc,  and  mercury. 

The  2}entasiilphide,  or  Antimonic  sulphide,  SbgSj,  formerly  called 
sulphur  auratum,  is  also  a  sulphur-acid,  forming  salts  called  sulph- 
antimonates,  most  of  which  have  the  composition  3M2S.Sb2S5  or 
M,SbS4,  analogous  to  the  normal  orthophosphates  and  arsenates. 
When  18  parts  of  finely  powdered  antimonious  sulphide,  17  parts 
dry  sodium  carbonate,  13  parts  slaked  Ihne,  and  3J  parts  sulphur, 
are  boiled  in  water  for  some  hours,  calcium  carbonate,  sodium 
antimonate,  antimony  pentasulphide,  and  sodium  sulphide  are 
produced.  The  first  is  insoluble,  and  the  second  partially  so  :  the 
two  last-named  bodies,  on  the  contrary,  unite  to  form  soluble  sodium 
sulphantimonate,  NajSbS,,,  which  may  be  obtained  by  evaporation 
in  beautiful  crystals.  A  solution  of  this  substance,  mixed  with 
dilute  sulphuric  acid,  furnishes  sodium  sulphate,  hydi'ogen  sulphide, 
FOWNES. — VOL.  I,  2  ]? 
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and  antimony  pentasulphide,  which  falls  as  a  golden-yellow 
iiocculent  precipitate. 

The  sulphantimonates  of  the  alkali-metals  and  alkaline  eartli 
metals  are  very  soluble  in  water,  and  crystallise  for  the  most  part 
with  several  molecules  of  water.  Those  of  the  heavy  metals  are 
insoluble,  and  are  obtained  by  precipitation. 


The  few  salts  of  antimony  soluble  in  water  are  distinctly 
characterised  by  the  orange  or  brick-red  precipitate  -with  hydrogen 
sulphide,  which  is  soluble  in  a  solution  of  ammonium  sulphide,  and 
again  precipitated  by  an  acid. 

Antimonious  chloride,  as  already  observed,  is  decomposed  by 
water,  yielding  a  precipitate  of  oxy chloride.  The  precipitate  dis- 
solves in  hyclrochloric  acid,  and  the  resulting  solution  gives,  with 
potash,  a  white  precipitate  of  trioxide,  soluble  in  a  large  excess  of  the 
reagent ;  with  ammonia  the  same,  insoluble  in  excess  ;  ynih  potassium 
or  sodium  carbonate,  also  a  precipitate  of  trioxide,  which  dissolves  in 
excess,  especially  of  the  potassiimi  salt,  but  reappears  after  a  while. 
If,  however,  the  solution  contains  tartaric  acid,  the  precipitate 
formed  by  potash  dissolves  easily  in  excess  of  the  alkali ;  ammonia 
forms  but  a  slight  precipitate,  and  the  precipitates  formed  by 
alkaline  carbonates  are  insoluble  in  excess.  The  last  mentioned 
characters  are  likewise  exhibited  by  a  solution  of  tartar-emetic 
(potassio-antimonious  tartrate).  Zinc  and  iron  precipitate  antimony 
from  its  solutions  as  a  black  powder.  Copper  precipitates  it  as  a 
shining  metallic  film,  which  may  be  dissolved  off  by  potassium 
permanganate,  yielding  a  solution  which  will  give  the  characteristic 
red  precipitate  with  hydrogen  sulphide. 

Solid  antimony-compounds,  fused  upon  charcoal  with  sodium 
carbonate  or  potassium  cyanide,  yield  a  brittle  globule  of  antimony, 
a  thick  white  fume  being  at  the  same  time  given  oif,  and  the 
charcoal  covered  to  some  distance  arouad  with  a  white  deposit  of 
oxide. 


Besides  its  application  to  medicine,  antimony  is  of  great  im- 
portance in  the  arts,  inasmuch  as,  iu  combination  vnth  lead,  it 
forms  type-metal.  This  alloy  expands  at  the  moment  of  solidifying, 
and  takes  an  exceeding  sharp  impression  of  the  mould.  It  is 
remarkable  that  both  its  constituents  shrink  imder  similar  circum- 
stances, and  make  very  bad  castings. 

Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  antimony, 
frequently  also  containing  small  quantities  of  copper,  zinc,  or 
bismuth.  An  alloy  of  12  parts  tin,  1  part  antimony,  and  a  small 
quantity  of  copper,  forms  a  siiperior  kind  of  pewter.  Alloys  of 
antimony  with  tin,  or  tin  and  lead,  are  now  much  used  for. 
machinery-bearings  in  place  of  gim-metal.  Alloys  of  antimony 
with  nickel  and  with  silver  occur  as  natural  minerals. 
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Antimony  trisulpliiJe  enters  into  the  composition  of  the  blue 
signal-lights  used  at  sea.* 


ARSENIC. 

Atomic  weight,  75.    Symbol,  As. 

Arsenic  is  sometimes  found  native :  it  occurs  in  considerable  quan- 
tity as  a  constituent  of  many  minerals,  combined  with  metals, 
sulphur  and  oxygen.  In  the  oxidised  state,  it  has  been  found  in 
very  niiniite  quantity  in  a  great  many  mineral  waters.  The  largest 
proportion  is  derived  from  the  roasting  of  natural  arsenides  of  ii'on, 
nickel,  and  cobalt.  The  oj^eration.  is  conducted  in  a  reverberatory 
furnace,  and  the  volatile  products  are  condensed  in  a  long  and  nearly 
horizontal  chimney,  or  in  a  kind  of  tower  of  brickwork,  divided  into 
numerous  chambers.  The  crude  arsenious  oxide  thus  produced  is 
purified  by  sublimation,  and  then  heated  with  charcoal  in  a  retort ; 
the  metal  is  reduced,  and  readily  sublimes. 

Arsenic  has'a  steel-grey  colour,  and  high  metallic  lustre  :  it  is 
crystalline  and  very  brittle  ;  it  tarnishes  in  the  air,  but  may  be 
preserved  unchanged  in  pure  water.  Its  density,  in  the  solid  state, 
is  5-7  to  5-9.  When  heated,  it  volatilises  without  fusion,  and  if  air 
be  present,  oxidises  to  arsenious  oxide.  Its  vapour-density,  compared 
with  that  of  hydrogen,  is  150,  which  is  twice  its  atomic  weight,  so 
that  its  molecule  in  the  gaseous  state,  like  that  of  phosphorus, 
occupies  only  half  the  volume  of  a  molecule  of  hydrogen  (p.  250). 
The  vapour  has  the  odour  of  garlic. 

Arsenic  combines  with  metals  in  the  same  maimer  as  sulphur  and 
phosphorus,  which  it  resembles,  especially  the  latter,  in  many 
respects  :  indeed,  it  is  often  regarded  as  a  metalloid. 

Arsenic,  like  nitrogen,  behaves  in  most  respects  as  a  triad  element, 
not  being  capable  of  uniting  with  more  than  three  atoms  of  any  one 
monad  element.  Thus  it  forms  the  compoimds  AsHg,  AsClg,  AsBrg, 
&c.,  but  no  compound  analogous  to  the  pentachloride  of  phosphorus 
or  antimony.  But  just  as  ammonia,  NHg,  can  take  up  the  elements 
of  hydrochloric  acid  to  form  sal-ammoniac,  NH^Cl,  in  which  nitrogen 
appears  quinquivalent,  so  likewise  can  arsenetted  hydrogen  or  arsine, 
A3H3,  unite  with  the  chlorides,  bromides,  &c.,  of  the  radicles, 
methyl,  ethyl,  &c.,  to  form  salts  in  which  the  arsemc  appears  to  be 
quinquivalent,  e.g.  : 

Arsenethylium  bromide,     .  AsH3(C2H.,)Br, 
Arsenmethylium  chloride,  .  AsHgCCHgUci. 

*  Blue  or  Bengal  liglit : 

Dry  potassium  nitrate,        ...      6  pai-ts. 

Sulphur,  2 

Antimony  trisulphide,         ...      1  part. 
All  in  fine  powder,  and  intimately  mixed. 
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In  like  manner,  arsentrimethyl,  As(CH3)3,  unites  with  the 
chlorides  of  methyl  and  ethyl,  forming  the  compounds  As(CH3)4Cl 
and  As(CH3)3(C2H5)Cl.  ■  _ 

Ai'senic  likewise  forms  two  oxides,  viz.,  arsenious  oxide,  AS2O3, 
and  arsenic  oxide,  AsgOg,  with  corresponding  acids  and  salts, 
analogous  to  the  phosphorous  and  phosphoric  compoimds:  the 
arsenates,  in  particular,  are  isomorphous  with  the  orthophosphate;^, 
and  resemble  them  closely  in  many  other  respects. 

Arsenious  Chloride,  AsClg. — This,  the  only  known  chloride  of 
arsenic,  is  produced,  with  emission  of  heat  and  light,  when  powdered 
arsenic  is  thrown  into  chlorine  gas.  It  is  prepared  by  distiUing  a 
mixtiu?e  of  1  part  of  metallic  arsenic  and  6  parts  of  corrosive  sub- 
limate, and  by  distilling  arsenious  oxide  with  strong  hydrochloric 
acid,  or  with  a  mixture  of  common  salt  and  sulphuric  acid.  It  is  a 
colourless,  volatile,  highly  poisonous  liquid,  decomposed  by  water 
into  arsenious  and  hydrochloric  acids.  Arsenious  iodide,  Asl^,  is 
formed  by  heating  metallic  arsenic  with  iodine  :  it  is  a  deep  red 
crystalline  substance,  capable  of  sublimation.  The  corresponding 
bromide  and  fluoride  are  both  liquid. 

Hydrides. — Arsenic  forms  two  hydrides,  containing  2  and  3 
atoms  of  hydi'ogen  combined  with  1  atom  of  arsenic. 

The  trihydride,  Arsenious  hydride,  Arsenetted  hydrogen  or  Arsine, 
AsHg,  analogous  iu  composition  to  ammonia,  phosphine,  and  stibrae, 
is  obtained  pure  by  the  action  of  strong  hydrochloric  acid  on  an 
alloy  of  equal  parts  of  zinc  and  arsenic,  and  is  produced  in  greater 
or  lesser  proportion  whenever  hydrogen  is  set  free  in  contact  with 
arsenious  acid.  Arsenetted  hydrogen  is  a  colourless  gas,  of  specific 
gravity  2'695,  slightly  soluble  in  water,  and  having  the  smell  of 
garlic.  It  burns,  when  kindled,  with  a  blue  flame,  generating 
arsenious  acid.  It  is  also  decomposed  by  transmission  through  a 
red-hot  tube.  Many  metallic  solutions  are  precipitated  by  this  sub- 
stance. When  inhaled,  it  is  exceedingly  poisonous,  even  in  very 
minute  quantity. 

AsH^ 

The  dihydride  AsHg,  or  rather  As2H4=  |       ,  is  produced  by 

AsH2 

passing  an  electric  current  through  water,  the  negative  pole  being 
formed  of  metallic  arsenic ;  also  when  potassium  or  sodiiim  ai-senide 
is  dissolved  in  water.  It  is  a  brown  powder,  which  gives  ofl"  hydi'ogen 
when  heated  in  a  close  vessel,  and  burns  when  heated  in  the  air. 
It  is  analogous  in  composition  to   arsendimethyl  or  cacodj'l, 

Arsenious  Oxide,  Acid,  and  Salts. — Arsenious  oxide,  AS2O3,  also 
called  white  oxide  of  arsenic,  is  produced  in  the  maimer  already 
mentioned.  It  is  commonly  met  with  in  the  form  of  a  lieavy, 
white,  glassy-looking  substance,  with  smooth  conchoidal  ii'actiu"e, 
having  evidently  vmdergone  fusion.    When  freshly  prepared  it  is 
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often  transparent,  but  by  keeping  becomes  opaque,  at  the 
same  time  slightly  diminishing  in  density,  and  acquiring  a  greater 
dei  jree  ol  solubility  in  water.  100  pai'ts  of  that  liquid  dissolve  at 
100^  about  11 -5  parts  of  the  opaque  variety:  the  larger  portion 
sejxarates,  however,  on  cooling,  leaving  about  3  parts  dissolved:  the 
solution,  which  contains  arsenious  acid,  feebly  reddens  litmus. 
Cold  water,  agitated  with  powdered  arsenious  oxide,  takes  up  a  still 
smaller  quantity.  Alkalis  dissolve  this  substance  freely,  forming 
arsenites ;  compounds  with  ammonia,  baryta,  strontia,  lime,  magnesia, 
and  mangauous  oxide  also  have  been  formed :  the  sUver  salt  is  a 
beautiful  lemon-yellow  precipitate.  The  arsenites  are,  however, 
very  unstable.  Those  which  have  the  composition  MgAsOg,  or 
SMoO.As^Og,  are  regarded  as  normal  salts  ;  there  are  also  arsenites 
containing  M^As.305,  or  SM^O.AsaOa,  and  MAsOg,  or  M,0.As.,03, 
besides  acid  salts.  Arsenious  oxide  is  easily  soluble  in  hot  hydro- 
chloric acicL  Its  vapom-  is  colouidess  and  inodorous,  and  it  crystal- 
lises on  solidifying  in  brilliant  transparent  octohedrons.  The 
oxide  or  acid  itself  has  a  feeble  sweetish  and  astringent  taste,  and 
is  a  most  fearful  poison. 

Arsenic  Oxide,  Acid  and  Salts.— When  powdered  arsenious 
oxide  is  dissolved  in  hot  hydrochloric  acid,  and  oxidised  by  the 
addition  of  nitric  acid,  the  latter  being  added  as  long  as  red  vapom-s 
are  produced,  the  whole  then  cautiously  evaporated  to  complete 
dryness,  and  the  residue  heated  to  low  redness,  arsenic  oxide, 
AS2O5,  remains  in  the  form  of  a  white  anhydrous  mass  which  has 
no  action  upon  litmus.  When  strongly  heated,  it  is  resolved  into 
arsenious  oxide  and  free  oxygen.  In  water  it  dissolves  slowly  but 
completely,  giving  a  highly  acid  solution,  which,  on  being  evapor- 
ated to  a  syrupy  consistence,  deposits,  after  a  time,  hydrated  crystals 
of  arsenic  acid,  containing  SHjAsO^.H^O,  or  SHgO.  As„0-  +  aq.  These 
crystals,  when  heated  to  100°,  give  off  theii-  water  of  crystalKsation 
and  leave  trihijdric  arsenate,  HgAsO^.  or  SHpO.AsaOj  ;  at  140°-160° 
dihydric  arsenate,  H^AsaO^,  or  SH^O.AsaO^.  is  left ;  and  at  260°' 
monohydnc  arsenate,  HAsOg,  or  HgO.AsgOg.  The  aqueous  solutions 
of  the  three  hydrates  and  of  the  anhyck-ous  oxide  exhibit  exactly 
the  same  characters,  and  all  contain  trihydric  arsenate,  the  other 
hydrates  being  immediately  converted  into  that  compound  when 
dissolved  m  water  ;  in  this  respect  the  hydrates  of  arsenic  oxide 
differ  essentially  from  those  of  phosphoric  oxide  (p.  238). 

Arsenic  acid  is  a  very  powerful  acid,  forming  salts  isomorphous 
with  the  corresponding  phosphates  :  it  is  also  tribasic.  A  soditm 
arsenate,  Na2HAsO,,.12H20,  undistiuguishable  in  appearance  from 
common  sodium  phosphate,  may  be  prepared  by  adding  the  carbonate 
to  a  solution  of  arsenic  acid,  until  an  alkaline  reaction  is  apparent, 
and  then  evaporating.  This  salt  also  crystallises  with  7  molecules 
of  water.  Another  arsenate,  NaaAsO,  laHjO,  is  produced  when 
sodium  carbonate  in  excess  is  fused  with  arsenic  acid,  or  when  the 
preceding  salt  is  mixed  with  caustic  soda.    A.  third,  NaHgAsO^.  HgO 
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is  made  by  substituting  an  excess  of  arsenic  acid  for  the  solution  of 
alkali.  The  alkaline  arsenates  which  contain  basic  water  lose  the 
latter  at  a  red  heat,  but,  unlike  the  phosphates,  recover  it  when 
again  dissolved.  The  arsenates  of  the  alkalis  are  soluble  in  water  : 
those  of  the  earths  and  other  metallic  oxides  are  insoluble,  but  are 
dissolved  by  acids.  The  precipitate  with  silver  nitrate  is  highly 
characteristic  of  arsenic  acid  :  it  is  reddish-brown. 

Sulphides. — Two  sulphides  of  arsenic  are  known.  The  disulpliule, 
AsgSj,  occurs  native  as  Realgar.  It  is  formed  artificially  by  heating 
arsenic  acid  with  the  proper  proportion  of  sulphur.  It  is  an  orange- 
red,  fusible,  and  volatile  substance,  employed  in  painting,  and  by 
the  pyrotechnist  in  making  white  fire.  The  trisuljjhide  or  arseniom 
sulphide,  AsgSg,  also  occurs  native  as  Orpiment,  and  is  prepared 
artificially  by  fusing  arsenic  vdth  the  appropriate  quantity  of 
sulphur,  or  by  precipitating  a  solution  of  arsenious  acid  with 
hydi'ogen  sulphide.  It  is  a  golden-yellow,  crystalline  substance, 
fusible,  and  volatile  by  heat.  A  cold  solution  of  arsenic  acid  is  not 
immediately  precipitated  by  hydi-ogen  suljjhide,  but  after  some  hours 
the  solution,  saturated  with  hydrogen  sulphide,  yields  a  light  yellow 
deposit  of  sulphur,  the  arsenic  acid  being  reduced  to  arsenious  acid, 
which  is  then  gradually  converted  into  lemon-yellow  arsenious 
sulphide.  In  boiling  solutions  the  precipitation  takes  place  imme- 
diately. The  mixture  of  sulphur  and  trisulphide  thus  produced, 
was  formerly  regarded  as  a  pentasulphide  analogous  to  arsenic  acid. 

The  disulphide  and  trisulphide  of  arsenic  are  sulphur-acids, 
uniting  with  other  metallic  sulphides  to  form  sulphm"  salts.  Those 
of  the  disulphide  are  called  hyposulpharsenites  ;  they  ai-e  but 
little  known.  The  salts  of  arsenious  sulphide  are  called  sulphar- 
senites.  Their  composition  may  be  represented  by  that  of  the 
potassium  salts,  viz.,  KAsSj,  or  KjS.AsjSg ;  K4AS2S5,  or  SKjS.AsoSg; 
and  K3ASS3,  or  SKgS.AsjSj.  Of  these  the  bibasic  salts  are  the  most 
common.  The  suliDharsenites  of  the  alkali  metals  and  alkaline  earth 
metals  are  soluble  in  water,  and  may  be  prepared  by  digesting 
arsenious  sulphide  in  the  solutions  of  the  corresponding  hydrates  or 
sulphydrates  ;  the  rest  are  insoluble,  and  are  obtained  by  precipita- 
tion. Sulphur  salts,  called  sulpharsenates,  analogous  in  composi- 
tion to  the  arsenates,  are  produced,  in  like  manner,  by  digesting  the 
mixture  of  sulphur  and  arsenious  sulphide  precipitated,  as  above 
mentioned,  from  arsenic  acid,  in  solutions  of  alkaline  hydrates  or 
sulphydrates  ;  also  by  passing  gaseous  hydrogen  sulphide  through 
solutions  of  arsenates.  There  are  three  sulpharsenates  of  potassiiun, 
containing  KAsSj,  or  KgS.AsaSj  ;  K^AsjS,,  or  2K2S.As.2S5 ;  and 
K3ASS4,  or  3K2S.AS2S5.  The  sulphai'senates  of  the  alkali  metals 
and  alkaline  earth  metals  are  soluble  in  water;  the  rest  are  insoluble 
and  are  obtained  by  precipitation. 

Arsenious  acid  is  distinguished  by  characters  wliich  cannot  be 
misunderstood. 
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Silver  nitrate,  mixed  with  a  solution  of  arsenious  acid  m  water, 
occasions  no  precipitate,  or  merely  a  faint  cloud  :  but  if  a  little 
fixed  alkali,  or  a  drop  ot  ammonia,  be  added,  a  yellow  precipitate 
of  silver  arsenite  immediately  falls.  The  precipitate  is  exceedingly 
soluble  Lu  excess  of  ammonia ;  that  liquid  must,  therefore,  be  added 
with  great  caution ;  it  is  likewise  very  soluble  in  nitric  acid. 

Ciipric  sulphate  gives  no  precipitate  with  solution  of  arsenious 
acid,  until  the  addition  has  been  made  of  a  little  alkali,  when  a 
brilliant  yellow-green  precipitate  (Scheele's  green)  falls,  which 
also  is  very  soluble  ia  excess  of  ammonia. 

Hydrogen  sulphide,  passed  into  a  solution  of  arsenious  acid,  to 
which  a  few  drops  of  hydi-ochloric  or  sulphuric  acid  have  been 
added,  tlirows  down  a  copious  bright  yellow  precipitate  of  orpiment, 
which  is  easily  dissolved  by  ammonia,  and  reprecipitated  by  acids. 

Solid  arsenious  oxide,  heated  by  the  blowpipe  in  a  narrow  glass 
tube  with  smaU  fragments  of  dry  charcoal,  affords  a  sublimate  of 
metallic  arsenic  in  the  shape  of  a  brilliaut  steel-grey  metallic  ring. 
A  portion  of  this,  detached  by  the  point  of  a  knife,  and  heated  in  a 
second  glass  tube,  mth  access  of  air,  yields,  in  its  turn,  a  sublimate 
of  colourless,  transparent,  octohedral  crystals  of  arsenious  oxide. 

AU  these  experiments,  wliich  jointly  give  demonstrative  proof  ot 
the  presence  of  the  substance  in  question,  may  be  performed  with 
perfect  precision  and  certainty  upon  exceedingly  small  quantities  of 
material. 

The  detection  of  arsenious  acid  in  complex  mixtm-es,  containing 
organic  matter  and  common  salt,  as  beer,  gruel,  soup,  &c.,  or  the 
fluid  contents  of  the  stomach  in  cases  of  poisoning,  is  a  far  more 
difficult  problem,  but  one  which  is,  unfortunately,  often  required  to 
be  solved.  These  organic  matters  interfere  completely 
with  the  liquid  tests,  and  render  their  indications  worth- 
less. Sometimes  the  difficulty  may  be  eluded  by  a  dili- 
gent search  in  the  suspected  liquid,  and  in  the  vessel 
containing  it,  for  fragments  or  powder  of  solid  arsenious 
oxide,  which,  from  its  small  degree  of  solubility,  often 
escape  solution,  and  from  the  high  density  of  the  sub- 
stance, may  be  found  at  the  bottom  of  the  vessels  in 
which  the  fluids  are  contained.  If  anything  of  the  kind 
be  found,  it  may  be  washed  by  decantation  with  a  little 
cold  water,  dried,  and  then  reduced  with  charcoal.  For 
the  latter  purpose,  a  small  glass  tube  is  taken,  having 
the  figure  represented  in  the  margin  ;  white  German 
glass,  free  from  lead,  is  to  be  preferred.  The  arsenious 
oxide,  or  what  is  suspected  to  be  such,  is  dropped  to 
the  bottom,  and  covered  with  splinters  or  little  frag- 
ments of  charcoal,  the  tube  being  filled  to  the  shoul- 
der. The  whole  is  gently  heated,  to  expel  any  moisture 
that  may  be  present  in  the  charcoal,  and  the  deposited 
water  wiped  irom  the  interior  of  the  tube  with  bibulous  paper.  The 
narrow  part  of  the  tube  containing  the  charcoal,  from  a  to  b,  is  now 
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heated  by  the  blowpipe  flame  ;  when  red-hot,  the  tube  is  inclined, 
so  that  the  bottom  also  may  become  heated.  The  arseiaious  oxide, 
if  present,  is  vaporised,  and  reduced  l)y  the  charcoal,  and  a  ring  ot 
metallic  arsenic  deposited  on  the  cool  part  of  the  tube.  To  complete 
the  experiment,  the  tube  may  be  melted  at  a  by  the  point  oi  the 
flanie,  cbawn  off,  and  closed,  and  the  arsenic  oxidised  to  arsenious 
oxide,  by  chasing  it  up  and  down  by  the  heat  of  a  small  spirit-lamp. 
A  little  water  may  afterwards  be  introduced,  and  boiled  in  the  tube, 
by  which  arsenious  oxide  will  be  dissolved,  and  to  this  solution 
the  tests  of  silver  nitrate  and  ammonia,  copper  sulphate  and  am- 
monia, and  hydrogen  sulphide,  may  be  applied. 

When  the  search  for  solid  arsenious  oxide  fails,  the  liquid  itself 
must  be  examiued ;  a  tolerably  limpid  solution  must  be  obtaiaed, 
from  which  the  arsenic  may  be  precipitated  by  hydrogen  sulphide, 
and  the  orpiment  collected,  and  reduced  to  the  metallic  state.  It 
is  in  the  fii-st  part  of  this  operation  that  the  chief  difficulty  is  found : 
siTch  organic  mixtm-es  refuse  to 'filter,  or  filter  so  slowly  as  to 
render  some  method  of  acceleration  indispensable.*  Boiling  vnth 
a  little  caustic  potash  or  acetic  acid  mtII  sometimes  effect  this 
object.  The  following  is  an  outline  of  a  plan  which  has  been 
foimd  successful  in  a  variety  of  cases  in  which  a  very  small  cpiantity 
of  arsenious  acid  had  been  piirposely  added  to  an  organic  mixture : — 
OU  of  vitriol,  itself  perfectly  free  from  arsenic,  is  mixed  with  the 
suspected  liqviid,  in  the  proportion  of  about  a  measured  oimce  to  a 
pint,  having  been  previously  diluted  with  a  little  water,  and  the 
whole  is  boiled  in  a  flask  for  half  an  hour,  of  until  a  complete 
separation  of  solid  and  liqtdd  matter  becomes  manifest.  The  acid 
converts  any  starch  that  may  be  present  into  dextrin  and  sugar  :  it 
completely  coagulates  albuminous  substances,  and  casein,  in  the  case 
of  milli,  and  brings  the  whole  in  a  very  short  time  into  a  state  in 
which  filtration  is  both  easy  and  rapid.  Through  the  filtered  solu- 
tion, when  cold,  a  current  of  hydrogen  sulphide  is  transmitted,  and 
the  liquid  is  warmed,  to  facilitate  the  deposition  of  the  arsenious 
sulphide,  which  falls  in  combination  with  a  large  quantity  ot 
organic  matter,  which  often  communicates  to  it  a  dii'ty  colom-. 
This  is  collected  upon  a  small  filter,  and  washed.  It  is  next  trans- 
ferred to  a  capsiile,  and  heated  with  a  mixtiu'e  of  nitric  and  hydi-o- 
chloric  acids,  by  which  the  organic  impmities  are  in  great  measure 
destroyed,  and  the  arsenic  oxidised  to  arsenic  acid.  The  solution  is 
evaporated  to  cb-yness,  the  soluble  part  taken  up  by  dilute  hydro- 
chloric acid,  and  then  the  solution  satiu'ated  with  sulphurous  acid, 
whereby  the  arsenic  acid  is  reduced  to  the  state  of  arsenious  acid, 
the  sulphurous  being  oxidised  to  sulphmic  acid.  The  solution  of 
arsenious  acid  may  now  be  precipitated  hy  hydr-ogen  sulphide 
Avithout  any  difficulty.  The  liquid  is  warmed,  and  the  precipitate 
washed  by  decantation,  and  dried.  It  is  then  mixed  -w-ith  black 
jlux,  and  heated  in  a  small  glass  tube,  similar  to  that  already 

*  Eespecting  the  separation  of  the  arsenious  acid  by  dialysis,  see  page  146. 


ARSENIC, 


457 


described,  ndth  similar  precautions  ;  a  ring  of  reduced  arsenic  is 
obtained,  which  may  be  oxidised  to  arsenious  oxide,  and  further 
/examined.  The  black  flux  is  a  mixture  of  potassium  carbonate 
and  charcoal,  obtained  by  calcining  cream  of  tartar  in  a  close 
crucible ;  the  alkali  transforms  the  sulphide  into  arsenious  acid,  the 
charcoal  subsequently  effecting  the  deoxidation.  A  mixtm-e  of 
anhydi'ous  sodium  carbonate  and  charcoal  may  be  substituted  with 
lul vantage  for  the  common  black  Ilux,  as  it  is  less  hygroscopic. 

Other  methods  of  proceeding,  different  in  principle  from  the 
foregoing,  are  also  employed,  as  that  of  the  late  Mr.  Marsh,  which 
is  exceedingly  delicate.  The  suspected  liquid  is  acidulated  with 
sulphmic  acid,  and  placed  in  contact  with  metallic  zinc  ;  the  hydi-o- 
gen  reduces  the  arsenious  acid  and  combuies  witli  the  arsenic,  if  any 
be  present._  The  gas  is  bm'ued  at  a  jet,  and  a  piece  of  glass  or  porce- 
lain held  in  the  tiame,  when  any  admixtm-e  of  arsenetted  hydro- 
gen is  at  once^  known  by  the  production  of  a  brilliant  black 
metallic  spot  of  reduced  arsenic  on  the  porcelain;  or  the  gas  is 
passed  through  a  glass  tube  heated  at  one  or  two  places  to  redness, 
whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring  of  melallic 
arsenic  appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  observed  (page  447)  that  antimonetted  hydrogen  gives 
a  similar  result.  In  order  to  distinguish  the  two  substances,  the  gas 
may  be  passed  into  a  solution  of  silver  nitrate.  Both  gases  give  rise 
to  a  black  precipitate,  which,  in  the  case  of  antimonetted  hydrogen, 
consists  of  silver  antimonide,  AggSb,  whilst  in  the  case  of  arsenetted 
hydrogen,  it  is  pure  silver,  the  arsenic  being  then  converted  into 
arsenious  acid,  which  combines  with  a  portion  of  silver  oxide.  The 
silver  arsenite  remains  dissolved  in  the  nitric  acid  which  is  liberated 
by  the  precipitation  of  the  silver,  and  may  be  thrown  down  wdth  its 
characteristic  yellow  coloiu?  by  adding  ammonia  to  the  liquid  filtered 
off  from  the  black  precipitate.  The  black  silver 
antimonide,  when  carefully  washed,  and  subse-  ^'s-  153. 
quently  boiled  with  a  solution  of  tartaric  acid, 
yields  a  solution  containing  antimony  only,  from 
which  hydrogen  sulphide  separates  the  character- 
istic orange-yellow  precipitate  of  antimonious 
sulphide. 

A  convenient  form  of  Marsh's  instrument  is 
that  shown  in  fig.  153  :  it  consists  of  a  bent 
tube,  having  two  bulbs  blown  upon  it,  fitted 
with  a  stop-cock  and  narrow  jet.  Slips  of  zhic 
are  put  into  the  lower  bull),  which  is  afterwards 
filled  with  the  liquid  to  be  examined.  On  re- 
placing the  stop-cock,  closed,  the  gas  collects 
and  forces  the  liquid  into  the  upper  bulb,  which 
then  acts  by  its  hydrostatic  pressure,  and  expels 
the  gas  through  the  jet  so  soon  as  the  stop-cock 
is  opened.  It  must  be  borne  in  mind  tliat  both  common  zinc 
and  sulphuric  acid  often  contain  traces  of  arsenic.  Professor 
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Bloxam*  lias  proposed  an  important  modification  of  Marsh's  process 
for  the  detection  of  arsenic  and  antimony  in  organic  substances, 
which  is  based  on  the  behaviom-  of  solutions  of  these  metals  under 
the  influence  of  the  electric  current.  Antimony  is  deposited  in  the 
metallic  state,  without  any  disengagement  of  antimonetted  hydrogen, 
while  arsenic  is  evolved  as  arsenetted  hydrogen,  which  may  be  recog- 
nised by  the  characters  already  indicated. 

A  slip  of  copper  foil  boiled  in  the  poisoned  liquid,  previously 
acidulated  with  hydrochloric  acid,  ^vithd^aws  the  arsenic,  and  be- 
comes covered  with  a  white  alloy.  By  heating  the  metal  in  a  glass 
tube,  the  arsenic  is  expelled,  and  oxidised  to  arsenious  acid.  This 
is  called  Eeincsh's  test. 


BISMUTH. 

Atomic  weight,  210.    Symbol,  Bi. 

Bismuth  is  found  chiefly  in  the  metallic  state,  disseminated  through 
various  rocks,  fi-om  which  it  is  separated  by  simple  exposure  to  heat. 
The  metal  is  highly  crystalline  and  very  brittle:  it  has  a  reddish- 
white  colour,  and  a  density  of  9-9.  Crystals  of  great  beauty  may  Ije 
obtained  by  slowly  cooling  a  considerable  mass  of  this  substance 
until  solidification  has  commenced,  then  piercing  the  crust,  and 
pom-ing  out  the  fluid  residue.  Bismuth  melts  at  about  260°,  and 
volatilises  at  a  high  temperature.  It  is  remarkable  as  being  the 
most  diamagnetic  of  all  loiown  bodies.  It  is  little  oxidised  by  the 
air,  but  burns  with  a  bluish  flame  when  strongly  heated.  Nitric 
acid  somewhat  diluted  dissolves  it  freely. 

Bismuth  forms  three  classes  of  compounds,  in  which  it  is  bi-,  tri-, 
and  quinquivalent  respectively.  The  tri-compounds  are  the  most 
stable  and  the  most  numerous.  The  only  known  compounds  in 
which  bismuth  is  quinqiiivalent  are  indeed  the  pentoxide,  BijOj, 
together  with  the  corresponding  acid  and  metallic  salts.  Neverthe- 
less, bismuth  is  regarded  as  a  pentad,  on  account  of  the  analogy  of 
its  compounds  with  those  of  antimony.  Several  bismuth  compounds 
are  known  in  which  the  metal  is  apparently  bivalent,  but  really  tri- 
valent,  as  : 

BiCla  Bi=0 
Bi^CL,  or   I        ;  BioO,,  or  |        ,  &c. 
BiCla  ■  Bi=lO 

Chlorides. — The  trichloride,  or  Bismuthous  chloride,  is  formed 
when  bismuth  is  heated  in  a  current  of  chlorine  gas,  and  passes  over 
as  a  white,  easily  fusible  substance,  which  readily  attracts  moistm-e 
from  the  aii-,  and  is  converted  into  a  crystallised  hydi-ate.  The 
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same  substance  is  produced  wlien  bismutli  is  dissolved  in  nitro- 
nniriatic  acid,  and  the  solution  evaporated.  Bisiuuthous  chloride 
dissolves  in  water  containiug  hydi-ochloric  acid,  but  is  decomposed 
by  piu'e  water,  yielding  a  white  precipitate  of  oxychloride : 


The  dichloride,  BijCl^,  produced  by  heating  the  trichloride  with 
metallic  bismuth,  is  a  bro^vn,  crystalline,  easily  fusible  mass,  decom- 
posed by  water.  At  a  high  temperature  it  is  resolved  into  the  tri- 
chloride and  metallic  bismuth. 

Oxides. — The  tnoxide,  or  Bisniuthous  oxide,  is  a  straw- yellow 
powder,  _  obtained  by  gently  igniting  the  neutral  or  basic  nitrate. 
It  is  fusible  at  a  high  temperature,  and  in  that  state  acts  towards 
siliceous  matter  as  a  powerful  flux. 

The  hydrate,  BiHO^  or  Bi203.H20,  is  obtained  as  a  white  precipi- 
tate when  a  solution  of  the  nitrate  is  decomposed  by  an  alkali.  Both 
the  hydrate  and  the  anhydrous  oxide  dissolve  in  the  stronger  acids, 
forming  the  bismuthous  salts,  which  have  the  composition  BiRg. 
where  R  denotes  an  acid  radicle,  e.g.,  BiClg,  Bi(N03)3,  Bi2(S04)3 
Many  of  these  salts  crystallise  well,  but  cannot  exist  in  solution  im- 
less  an  excess  of  acid  is  present.  On  diluting  the  solutions  with 
water,  a  basic  salt  is  precipitated,  and  an  acid  salt  remains  in  solu- 
tion. 

The  normml  nitrate,  Bi(]Sr03)3.5H20,  or  Bi2O3.3N2Og.l0H2O,  forms 
Jarge  transparent  colourless  crystals,  which  are  decomposed  by  water 
in  the  manner  just  mentioned,  yielding  an  acid  solution  containuig 
a  little  bismuth,  and  a  briUiant  white  crystalline  powder,  which 
varies  to  a  certain  extent  in  composition  according  to  the  temperature 
and  the  quantity  of  water  emploved,  but  frequently  consists  of  a 
basic  nitrate,  Bi2O3.N2O5.2H2O,  or  Bi(N03)3.Bi203.3H20.  A  solution 
of  bismuth  nitrate,  free  from  any  great  excess  of  acid,  poured  into 
a  large  quantity  of  cold  water,  yields  an  insoluble  basic  nitrate,  very 
similar  in  appearance  to  the  above,  but  containing  rather  a  larger 
proportion  of  bismuth  oxide.  This  basic  nitrate  was  once  extensively 
employed  as  a  cosmetic,  but  it  is  said  to  injure  the  skin,  rendering  it 
yellow  and  leather-like.    It  is  used  in  medicine.  ° 

Bismuth  pentoxide,  or  Bismuthic  oxide,  BigOg.— When  bismuth 
trioxide  is  su.spended  in  a  strong  solution  of  potash,  and  chlorine 
passed  through  the  liquid,  decomposition  of  water  ensues, 
hydrochloric  acid  being  formed,  and  the  trioxide  being  converted 
into  the  pentoxide.  To  separate  any  trioxide  that  may  have  escaped 
oxidation,  the  powder  is  treated  with  dilute  nitric  acid,  when  the 
bismuthic  oxide  is  left  as  a  reddish  powder,  wliich  is  insoluble  in 
water.  This  substance  combines  with  bases,  but  the  compounds 
are  not  very  well  known.    According  to  Ai-ppe,  there  is  an  acid 


potassium  bismuthate  containing  BigKHOn,  or  2Bi206 .    ^^^JJ .  The 


BiClg  -I-  H2O  =  BiClO  +  2HC1 . 


pentoxide  when  heated  loses  oxygen. 
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being  formed,  whicli  may  be  considered  as  bismuthous  hismuthate, 
2Bio04  =  Bi203.Bi205. 

Bismuth  is  sufficiently  characterised  by  the  decomposition  of  its 
nitrate  and  chloride  by  water,  and  by  the  black  precijjitate  of  bisniuth 
sulphide,  insoluble  in  ammonium  sulphide,  which  its  solutions  yield 
when  exposed  to  the  action  of  hydrogen  sulphide. 

A  mixture  of  8  parts  of  bismuth,  5  parts  of  lead,  and  3  of  tin,  is 
known  under  the  name  of  fusible  metal,  and  is  employed  in  taking 
impressions  from  dies  and  for  other  purposes :  it  melts  below  100°. 

Bismuth  is  used,  in  conjunction  with  antimony,  ia  the  construc- 
tion of  thermo-electric  piles,  these  two  metals  foiming  the  opposite 
extremes  of  the  theimo-electric  series. 


VAN  ADIUM. 

Atomic  weight,  51  '2.    Symbol,  V. 

Vanadium  is  found,  ia  small  quantity,  iu  some  iron  ores,  also  as 
vanadate  of  lead.  It  has  likewise  been  discovered  in  the  iron  slag  of 
Staffordshire,  and  recently,  by  Roscoe,*  in  larger  quantity  in  the 
copper-bearing  beds  at  Alderley  Edge  and  Motti-am  St  Andrews,  m 
Cheshire.  Metallic  vanadium  is  obtained  by  prolonged  ignition  of 
the  dichloride  in  piu-e  dry  hydrogen,  as. a  greyish  white  powder, 
appearing  under  the  microscope  as  a  crystaUme  mass,  with  a  strong 
silver-white  lustre.  It  is  non-volatile,  decomposes  water  at  100', 
does  not  tarnish  in  the  air,  burns  with  brilliant  scintillations  when 
thrown  into  a  iiame  ;  burns  vividly  when  quickly  heated  in  oxygen, 
forming  the  pentoxide ;  is  insoluble  in  hydrochloric  acid ;  dissolves 
slowly  in  hydrofluoric  acid  with  evolutiou  of  hydrogen,  rapidly  m 
nitric  acid,  forming  a  blue  solution.  In  a  current  of  chlorine  it  takes 
fire,  and  is  converted  into  the  tetrachloride. 

Vanadium  was,  till  lately,  regarded  as  a  hexad  metal,  analogous 
to  timgsten  and  molybdenum  ;  but  Roscoe  has  shown  that  it  is  a 
pentad,  belonging  to  the  phosphorus  and  arsenic  group.  This 
conclusion  is  based  upon  the  composition  of  the  oxides  and 
oxychlorides ;  and  on  the  isomorphism  of  the  vanadates  with  the 
phosphates. 

Vanadium  Oxides.— Vanadium  forms  five  oxides,  represented  by 
the  formula3,  V^O,  V2O2,  V2O3,  V2O4,  V2O5,  analogous,  therefore,  to 
the  oxides  of  nitrogen. 

The  monoxide,  YoO,  is  formed  by  prolonged  exposure  of  metaUic 
vanadium  to  the  air  at  ordinary  temperatures,  more  quickly  at  a 
dull  red  heat.  It  is  a  bro^^m  substance,  which,  when  heated  in  the 
air,  is  gradually  converted  into  the  higher  oxides. 

The  dioxide,  Y^O^,  wliich  was  regarded  by  Berzelius  as  metalhc 
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vanadium,  is  obtained  by  reducing  either  of  the  higher  oxides  with 
potassium,  or  by  passing  the  vapoiu-  of  vanadiiun  oxytricUoride, 
( VOCI3),  mixed  with  excess  of  hydrogen,  through  a  combustion  tube 
containing  red-hot  charcoal.  As  obtained  by  the  second  process,  it 
forms  a  light-grey  glittering  powder,  or  a  metallically  lustrous 
crystalline  crust,  having  a  specific  gravity  of  3-6A,  brittle,  very 
diliicult  to  fuse,  and  a  conductor  of  electricity.  When  heated 
to  redness  in  the  air,  it  takes  fire  and  burns  to  black  oxide.  It  is 
insoluble  in  sulphiuic,  hydrochloric,  and  hydi-ofluoric  acid,  but 
dissolves  easily  in  nitrommiatic  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent 
hydi-ogen  (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam), 
on  a  solution  of  vanacUc  acid  in  sulphuric  acid.  After  passino- 
through  all  shades  of  blue  and  green,  the  liquid  acquires  a  permanent 
lavender  tint,  and  then  contains  the  vanadium  in  solution  as  dioxide, 
or  as  hypovanadious  salt.  This  compound  absorbs  oxygen  more 
rapidly  than  any  other  known  agent,  and  bleaches  iadigo  and  other 
vegetable  colours  as  quickly  as  chlorine. 

Vanadium  dioxide  may  be  regarded  as  entermg  into  many 
vanadium  compounds,  as  a  bivalent  radicle  (just  like  m-anyl  in  the 
uramc  compounds),  and  may  therefore  be  called  vanadyl. 

Vanadium  trioxide,Y  ^0^,ov  Vanadylmonoxide,  (V202)*0,  is  obtained 
by  Igniting  the  pentoxide  in  hydrogen  gas,  or  in  a  crucible  lined 
with  charcoal  It  is  a  black  powder,  with  an  almost  metallic  lustre, 
and  infusible ;  by  pressure  it  may  be  united  into  a  coherent  mass 
which  conducts  electricity.  When  exposed  warm  to  the  air,  it  glows, 
absorbs  oxygen,  and  is  converted  into  pentoxide.  At  ordinary 
temperatures,  it  slowly  absorbs  oxygen,  and  is  converted  into 
tetroxide.  By  ignition  in  chlorine  gas  it  is  converted  into  vanadyl 
trichloride  and  vanadium  pentoxide.  It  is  insoluble  in  acids,  but 
may  be  obtamed  m  solution  by  the  reducing  action  of  nascent 
hyc  rogen  (evolved  from  metallic  magnesium)  on  a  solution  of  vanadic 
acid  m  sulphuric  acid. 

^'^'-'^J^f^'-Ij^  t'^tromde,  Hypovanadic  oxide,  or  Vanadyl  dioxide, 
V 2^4 -r(Y2^)^2-— This  oxide  is  produced,  either  by  oxidation  of 
the  dioxide  or  tnoxide,  or  by  partial  reduction  of  the  pentoxide  • 
also  by  heating  hypovanacUc  chloride,  Y^O^Cl^,  to  redness  in  an 
atmosphere  of  carbon  dioxide.*  By  aUowing  the  trioxide  to  absorb 
oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue 
shimng  crystals.  It  dissolves  in  acids,  the  more  easily  in  proportion  as 
It  has  been  less  strongly  ignited,  forming  solutions  of  hypo  vanadic 
salts,  which  have  a  bright  blue  colour.  The  same  solutions  are 
produced  by  the  action  of  moderate  reducing  agents,  such  as  sul- 
phurous, sulphydric,  or  oxalic  acid,  upon  vanadic  acid  in  solution  ; 
also  by  passing  air  through  acid  solutions  of  the  dioxide  till  a  per- 
manent blue  colour  is  attained.  With  the  hydrates  and  normal 
carbonates  of  the  fixed  alkalis,  they  form  a  greyish- white  precipitate  oi 
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hydrated  oxide,  VsO^.HjO,  wMcli  dissolves  in  a  moderate  excess  of 
the  reagent,  but  is  reprecipitated  by  a  large  excess  in  the  form  oi  a 
vanadite  of  the  alkali  metal.  . 

Ammonia  in  excess  produces  a  brown  precipitate,  soluble  m  pure 
•water,  but  insoluble  in  water  containing  ammonia.— Ammo?itiiw 
suMiide  forms  a  black-brown  precipitate,  soluble  in  excess.— Ttnctun 
of  galls  forms  a  finely  divided  black  precipitate,  which  gives  to  the 
liquid  the  appearance  of  ink.  ^    .  n 

Eypovanadic  trisulphate,  V0O4.3SO3+6H2O,  is  obtained  as  a  blue 
deliquescent  crystalline  powder  by  dissolviug  vanadic  oxide  m 
strong  sulphuric  acid  and  reducing  the  solution  with  sulphurous  acid. 
A  salt  of  similar  character,  containing  4H2O,  is  obtained  by  Precipi- 
tating the  concentrated  solution  with  strong  sulphuric  acid  A 
disulphate,  V.O^.aSOg+TH^O,  is  obtained  as  a  light-blue  crystalline 
powder,  when  the  pure  trisulphate,  or  the  residue  left  on  evaporating 
a  solution  of  the  tetroxide  in  sulphuric  acid,  is  treated  with  absolute 
alcohol  (Crow).  Berzelius  by  similar  means  obtamed  a  disulphate 
with4H20.  ^    .  ... 

Vanadium  tetroxide  also  unites  with  the  more  basic  metallic  oxicies, 
forming  salts  called  hypovanadates,  all  of  which  are  insoluble, 
except  those  of  the  alkali-metals.  The  solutions  of  the  alkabae 
hrpovanadates  are  brown,  but  when  treated  with  hydrogen  sulphule 
they  acquire  a  splendid  red-purple  colour,  arising  from  the  formation 
of  a  sulphur  salt.— ^CTcZs  colour  them  blue,  by  forming  a  doul^le 
hypovauadic  salt ;  tincture  of  galls  colours  them  blackish-blue.  i  he 
insoluble  hypovanadates,  when  moistened  or  covered  with  water, 
become  green,  and  are  converted  into  vanadates. 

Crow  has  obtained  the  following  hypovanadates  by  treating 
hypovanadic  chloride  with  the  corresponding  bases  :— 

Potassium  salt,  .  .  K20.2V,0        +  THsO 

Sodium  salt,  .  .  .  Na20.2V20,      +  VH^O 

Ammonium  salt,  .  .  (NH4)20.2V204  +  Sti," 

Barium  salt,  .  .  .  Ba0.2V204       +  b^^O . 

The  lead  salt,  PbO.VaO^,  is  formed,  together  witli  potassium  acetate 
and  free  acetic  acid,  by  precipitatiag  a  solution  of  lead  acetate  with 
potassium  hypovauadate  : 

K2O.2V2O4  -f  2Pb(C2H302)2  +  H20  =  2(PbO.V20,)  +  iKaH^O, 

The  silver  salt,  AgsO.YgO^,  is  formed  by  a  precisely  similar  reaction 
from  potassium  hypovauadate  and  silver  nitrate.        .    . ,   ,7  _ 

Vanadium  pentoxide,  Vanadic  oxide,  or  Vanadyl  tnoxide,  VoUj  - 
(Y  0  )0  —This  is  the  highest  oxide  of  vanadium.  It  mav  be 
preparecffrom  native  lead  vanadate.  This  mineral  is  dissolved  m 
nitric  acid,  and  the  lead  and  arsenic  are  precipitated  by  hydrogen  ■ 
sulphide,  which  at  the  same  time  reduces  the  vanadium  pentoxide 
to  tetroxide.    The  blue  filtered  solution  is  then  evaporated  to  dry- 
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ness,  and  tlie  residue  digested  in  ammonia,  which  dissolves  out  the 
vanadic  oxide  reproduced  during  evaporation.  In  this  sohition 
a  lump  of  sal-ammoniac  is  put ;  as  that  salt  dissolves,  ammonium 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a 
saturated  solution  of  ammonium  chloride.  By  exposure  to  a  tempera- 
tiu-e  below  redness  in  an  open  crucible,  the  ammonia  is  expelled, 
and  vanadic  oxide  left.  By  a  similar  process,  Roscoe  has  prepared 
vanadic  oxide  from  a  lime  precipitate  containing  2  per  cent,  of 
vanadium,  obtained  in  working  up  a  poor  cobalt  ore  from  Mottram 
m  Cheshire. 

Vanadium  pentoxidehas  a  reddish-yellow  colour,  and  dissolves  in 
1000_  parts  of  water,  forming  a  light  yellow  solution.  It  dissolves 
also  in  stronger  acids,  forming  red  or  yellow  solutions,  some  of  which 
yield  crystalline  compounds  (vanadic  salts)  by  spontaneous  evapora- 
tion. It  nnites,  however,  with  bases  more  readily  than  with  acids 
forming  salts  called  vanadates.  When  fused  with  alkaline  car- 
bonates, It  eliminates  3  molecules  of  carbon  dioxide,  forming  ortlw- 
mnadates  analogous  to  the  orthophosphates ;  thus : 

SCNa^aCO^)  +  V2O.  =  SNa^O.VgOs  +  SCO^. 

It  also  forms  metavanadates  and  pyrovanadcofes  analogous  to  the 
meta-  and  pyro-phosphates,  and  two  series  of  acid  vanadates  or 
aniiydrovanadates,  viz. : 


Lead  orthovanadate,    .    Pb3(V04)2  or  3PbO.V,0, 

Barium  pyrovanadate,  .    Ba^V^O^  or  2BaO,V,0 

btrontium  metavanadate,  Sr(V03)2  or  SrO  V  0 

Strontium  divanadate,     Sr(V03);.V20,  or  Sr0.2f,6, 

btrontium  trivanadate,    Sr(V03)2.2V205  or  SrO.BVgOj 


Lead  metavanadate  occurs  native  as  dechenite ;  the  orthovanadate 
W  n/'^'w  "^.^u    ^'^'^  ^^^oviA^,  as  vanadmite  or  mnadite, 

J:'DUi2.^irb3(VU.,)2,  the  mineral  m  which  vanadium  was  first  dis- 
covered. JJesdoizite  is  a  diplumbic  vanadate,  PbpV.O.,  or  2PbO  V  0 
analogous  m  composition  to  a  pyrophosphate.  '  ^  " 

r  !r  ^7  ?^os%yeUow;  some  of  them,  however, 
especially  those  of  the  alkahne  earth  metals,  and  of  zmc,  cadmium 
and  lead  are  converted  by  warming-either  in  the  solid  state,  or 
under  water,  or  m  aqueous  solution,  especially  in  presence  of  a  free 
alicali  or  alkaline  carbonate— into  isomeric  colomdess  salts.  The 
same  transfomation  takes  place  also,  though  more  slowly,  at 
ordinary  temperatures.  The  metavanadates  of  alkali-metal  are 
colourless  The  acid  vanadates  are  yellow,  or  yellowish  red,  both 
in  the  solid  state  and  m  solution  :  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-red  on  addition  of  an  acid.  The  raeta- 
wln^n  f  the  alkali-metals,  barium,  and  lead,  are 

i   dT  f  r       ^''^^'^^'^        other  metavanadates  are  more 

soluble.  1  he  alkaline  vanadates  are  more  soluble  in  pure  water 
than  in  water  containing  free  alkali  or  aalt :  hence  they  are  precipi- 
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tatecl  from  their  solutions  by  addition  of  alkali  in  excess,  or  of  salts. 
The  vanadates  are  insoluble  in  alcohol.  The  aqueou.s  solutions  of 
vanadates  form  yellow  precipitates  with  antimony,  copper,  lead,  and 
mercury  salts  ;  with  tincture  of  galls  they  form_  a  deep  black  liquid, 
which  has  been  proposed  for  use  as  vanadium  iak. 

Hydrogen  sulphide  reduces  them  to  hypo  vanadates,  changing  the 
colour  from  red  or  yellow  to  blue,  and  forming  a  precipitate  of 
sulphur. 

Ammonium  sulphide  colours  the  solutions  brown-red,  and,  on 
adding  an  acid,  a  light-brown  precipitate  is  formed,  consisting  of 
vanadic  sulphide  mixed  with  sulphur,  the  liquid  at  the  same  tune 
turning  blue.  Hydrochloric  acid  decomposes  the  vanadates,  with 
evolutfon  of  chlorine  and  formation  of  vanadium  tetroxide. 

Vanadium  Chlorides.— Three  of  these  compounds  have  been 
obtained,  viz.  :  YC\,  VCI3  and  VCI4.  . 

The  tetrachloride,  VCI4  is  formed  when  metallic  vanadium  or  the 
mononitride  is  heated  in  a  current  of  cUorine,  or  when  the  vapour 
of  the  oxytrichloride,  VOCI3,  mixed  with  chlorine,  is  passed  several 
times  over  red-hot  charcoal.  It  is  a  dark  yellowish-brown  liquid, 
having  a  specific  gravity  of  1-8384  at  0°,  boiling  at  154°,  not 
solidifvinw  at  18°.    Its  vapour-density  referred  to  hydi-ogen  is  96-6, 

.  .    /    51-5  +  4  X  35-5^     ,  . 
which  is  haK  the  molecular  weight,  (  =  g  ) ,  showing 

that  the  molecule  VCI4  exhibits  the  normal  condensation  to  2  volumes 
of  vapour.  The  tetrachloride  is  quickly  decomposed  by  water,  formmg 
a  blue  solution  of  vanadious  acid.  It  does  not  take  up  bromine  or 
an  additional  quantity  of  chlorine  when  heated  therewith  in  sealed 
tubes  :  hence  it  appears  that  vanadium  does  not  readily  form  pentad 
compounds  with  the  monatomic  chlorous  elements. 

The  trichloride,  VCI3,  obtained  by  decomposition  of  the  teti'a- 
chloride,  slowly  at  ordinary  temperatm-es,  quickly  at  the  boihng  heat, 
crystallises  in  peach-blossom-coloured  shining  plates  resembling 
chromic  chloride.  It  is  slowly  _  decomposed  by  water,  foimmg  a 
green  solution  of  hypovanadic  acid. 

The  dichloride,  YCl^,  obtaiued  by  passing  the  vapour  of  the  tetra- 
chloride mixed  with  hydrogen  through  a  red-hot  tube,  crystaUises  in 
green  micaceous  plates,  which  are  decomposed  by  water,  forming  a 
violet  solution  of  hypovanadious  acid. 

Vanadium  Oxyclilorides,  or  Vanadyl  Chlorides.— Four  of 
these  compounds  are  know,  viz.,  :  VOCI3,  VOCI2,  VOCl,  and  V2O2CI. 

The  oxytrichloride  VOCI3,  (formerly  regarded  as  vanadium 
trichloride),  is  prepared  : 

(1)  By  the  action  of  chlorine  on  the  trioxide  : 

3V2O3  +  CI12  =         +  4VOCI3  . 

(2)  By  burning  the  dioxide  in  chlorine  gas,  or  by  passing  that  gas. 
over  an  ignited  mixture  of  the  trioxide,  tetroxide,  or  pentoxide,  and 
condensing  the  vapoiu-s  in  a  cooled  U-lT.ibe. 
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Vanadium  oxytricliloride,  or  vanadyl  trichloride,  is  a  golden- 
yellow  liquid,  of  specific  gravity  1*841  at  14-5°  Boiling-jDoint,  127°. 
Vapour-density,  by  experiment,  6'108  ;  by  calculation,  6'119.  When 
exjjosed  to  the  air,  it  emits  cinnabar-colom-ed  vapours,  being  resolved 
by  the  moisture  of  the  air  into  hydrochloric  and  vanadic  acids.  It 
oxidises  magnesium  and  sodium.  Its  vapoiir,  passed  over  perfectly 
pure  carbon  at  a  red  heat,  yields  carbon  dioxide  ;  and  when  passed, 
together  with  hydrogen,  through  a  red-hot  tube,  yields  vanadium 
trioxide.  These  reactions  show  that  the  compound  contains 
oxygen. 

The  other  oxychlorides  of  vanadium  are  solid  bodies  obtained  by 
partial  reduction  of  the  oxytrichloride  with  zinc  or  hydrogen. 

The  second,  VOClj  or  VgOjCl^  (hypovanadic  chloride),  is  also 
produced  by  dissolving  the  pentoxide,  with  aid  of  heat,  in  hydro- 
chloric acid,  and  reducing  the  green  solution  with  sulphurous 
acid.  The  resulting  blue  liquid  leaves,  on  evaporation  over  the  water 
bath,  a  brown  deliquescent  residue  which  yields  a  blue  solution 
with  water  (Crow). 

The  tribromide,  VBrg,  and  the  oxyhromides,  VOBrg  and  VOBr^, 
have  also  been  obtained.  The  first  is  a  greyish-black  amorjahous 
solid ;  the  second  a  dark-red  liquid  ;  the  third  a  yellowish-brown 
deliquescent  solid. 

Vanadium  Sulphides. — Two  of  these  compounds  are  known, 
analogous  to  the  tetroxide  and  pentoxide ;  both  are  sulphirr-acids. 
The  tetrasulphide,  or  Vanadious  sulphide,  VgS^,  is  a  black  substance 
formed  by  heating  the  tetroxide  to  redness  in  a  stream  of  hydrogen 
sulphide  ;  also  as  a  hydrate  by  dissolving  a  vanadious  salt  in  exce.ss 
of  an  alkaline  monosulphide,  and  precipitating  with  hydrochloric 
acid.  The  pentasuljMde,  or  Vanadic  sulplmU,  VgSj,  is  formed  in  like 
manner  by  precipitation  from  an  alkaline  vanadate. 

Vanadium  Nitrides. — The  mononitride,  VN,  is  fonned  by  heating 
the  compound  of  vanadium  oxytrichloride  with  ammonium  chloride 
to  whiteness  in  a  current  of  ammonia  gas.  It  is  a  greenish- white 
powder  unalterable  in  the  air.  The  dinitride,  VNg  or  V2N4,  is 
obtained  by  exposing  the  same  double  salt  in  ammonia  ga"^3  to  a 
moderate  heat.  It  is  a  black  powder  strongly  acted  upon  by  nitric 
acid. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt  in 
the  outer  Ijlowpipe  flame  produce  a  clear  bead,  which  is  colourless 
if  the  quantity  of  vanadium  is  small,  yello-w  when  it  is  large  ;  in  the 
inner  flame  the  bead  acquires  a  beautiful  green  coloitr. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are 
red  ;  they  are  distinguished  from  one  another  by  the  vanadic  acid 
becoming  Ijlue,  and  the  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an 
alkaline  vanadate,  is  shaken  up  with  ether  containing  hydrogen 
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dioxide,  the  aqueous  solution  acquires  a  red  colour,  like  that  of 
ferric  acetate,  while  the  ether  remains  colourless.  This  reaction 
will  serve  to  detect  the  presence  of  1  part  of  vanadic  acid  in  40,000 
parts  of  liquid.  The  other  reactions  of  vanadium  in  solution  have 
already  heen  described. 


TANTALXTM. 

Atomic  weight,  182.    Symbol,  Ta. 

This  metal  was  discovered,  in  1803,  by  Ekeberg,  in  two  Swedish 
minerals,  tantaKte  and  yttrotantalite.  A  very  similar  metal,  colum- 
hiwn,  had  been  discovered  in  the  preceding  year  by  Hatchett,  in 
columbite  from  Massachusetts  ;  and  WoUaston,  in  1807,  on  com- 
paring the  compounds  of  these  metals,  concluded  that  they  were 
identical,  an  opinion  which  was  for  many  years  received  as  correct ; 
but  their  separate  identity  has  been  completely  established  by  the 
researches  of  H.  Eose  (commenced  in  1846),  who  gave  to  the  metal 
from  the  American  and  Bavarian  columbites,  the  name  Niobium,  by 
which  it  is  now  universally  known.  More  recently,  Marignac  has 
shown  that  nearly  aU  tantalites  and  columbites  contain  both 
tantalum  and  niobium  (or  columbium),  some  tantalates,  from 
Kimito,  in  Finland,  being,  however,  fi'ee  from  niobiiun,  and  some  of 
the  Greenland  columbites  containing  only  the  latter  metal  unmixed 
with  tantalum.  In  all  these  minerals  tantalum  exists  as  a  tantalate 
of  iron  and  manganese  ;  yttrotantalite  is  essentially  a  tantalate  of 
yttrium,  containing  also  lu'anium,  calcium,  iron,  and  other  metals. 
Tantalum  is  also  contained  in  some  varieties  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of 
potassium  or  sodium  with  metallic  sodium  in  a  well-covered  iron 
crucible,  and  washing  out  the  soluble  salts  with  water.  It  is  a  black 
powder,  which,  when  heated  in  the  air,  burns  with  a  bright  light, 
and  is  converted,  though  with  difficulty,  into  tantalic  oxide.  It  is 
not  attacked  by  sulphuric,  hydrochloric,  nitric,  or  even  nitromiuiatic 
acid.  It  dissolves  slowly  in  warm  aqueous  hydi'ofluoric  acid,  with 
evolution  of  hydrogen,  and  very  rapidly  in  a  mixt^ure  of  hydrofluoric 
and  nitric  acids. 

Tantalum,  in  its  principal  compounds,  is  quinquivalent,  the 
formula  of  tantalic  chloride  being  TaClj,  that  of  tantalic  fluoride, 
TaFg,  and  that  of  tantalic  oxide  (which,  ia  combination  with  bases 
forms  the  tantalates),  TagOg.  There  is  also  a  tantalous  oxide,  said  to 
have  the  composition  TaOg,  and  a  corresponding  sulphide,  TaSg. 

Tantalic  Chloride,  TaClg,  is  obtained,  as  a  yeUow  sublimate,  by 
igniting  an  intimate  mixture  of  tantalic  oxide  and  charcoal  in  a 
stream  of  chlorine  gas.  It  l^egins  to  volatilise  at  144°,  and  melts  to 
a  yellow  liquid  at  221°.    The  vapoiir-density  between  350°  and 
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440°,  has  been  found  by  Deville  and  Troost  to  be  12'42  referred  to 
air,  or  178-9  referred  to  hydrogen:  by  calcuktion,  for  the  normal 
condensation  to  two  volumes,  it  is  17975.  Tantalic  chloride  is 
decomposed  by  water,  yielding  hydi'ochloric  and  tantalic  acids  ;  but 
the  decomposition  is  not  complete  even  at  the  boiling  heat. 

Tantalic  Fluoride,  TaFg,  is  obtained  ia  solution  by  treating 
tantalic  hycbate  with  aqueous  hydi-ofluoric  acid.  The  solution 
mixed  with,  alkaline  fluorides,  forms  soluble  crystallisable  salts' 
called  t  a  n  t  a  1 0  f  1  u  o  r  i  d  e  s,  or  f  1  u  o  t  a  n  t  a  1  a  t  e  s.  The  potassium  aalt, 
TaK.^F-  or  TaFg.SKF,  crystallises  in  monoclinic  prisms,  isomorphous 
with  the  corresponding  fluoniobate. 

Tantalic  Oxide,  Ta.^O,,  is  produced  when  tantalum  burns  in  the 
au-,  also  by  the  action  of  water  on  tantalic  chloride,  and  may  be 
separated  as  a  hydi'ate  from  the  tantalates  by  the  action  of  acids.  It 
may  be  prepared  from  tantalite,  which  is  a  tantalate  of  iron  and 
manganese,  by  fusing  the  finely  pulverised  mineral  with  twice  its 
weight  of  potassium  hydroxide,  digesting  the  fused  mass  in  hot  water 
and  supersatnratmg  the  filtered  solution  with  hydrochloric  or  nitric 
acid  :  hydrated  tantalic  oxide  is  then  precipitated  in  white  flocks 
which  may  be  purified  by  washing  with  water.*  ' 

Anhydrous  tantaUc  oxide,  obtaiued  by  igniting  the  hydrate  or 
sulphate,  is  a  white  powder,  varying  in  density  from  7-022  to  8-264 
according  to  the  temperature  to  which  it  has  been  exposed.  Heated 
m  ammoma  gas  it  yields  tantalum  nitride:  heated  with  carbon 
bisulphide,  it  is  converted  into  tantalum  bisulphide.  It  is  insoluble 
m  aU  acids,  and  can  be  rendered  soluble  only  by  fusion  with 
potassium  hydrate  or  carbonate. 

Hydrated  Tantalic  oxide,  or  Tantalic  acid,  obtained  by  precipitating 
an  aqueous  solution  of  potassium  tantalate  with  hydi-ochloric  acid" 
13  a  snow-white  biilky  powder,  which  dissolves  in  hydrochloric  and 
iiydrofluoric  acids;  when  strongly  heated,  it  glows  and  crives  oft" 
water.  ° 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the 
tanta  ates,  which  are  represented  by  the  formula,  M^O.TaoO!  and 
4M2U..3ia20.,  the  first  including  the  native  tantalates,  such  as 
terrous  tantalate  and  the  second  certain  easily  crystalHsable 
tantalates  of  the  alkali  metals.  The  tantalates  of  the  alkali-metals 
are  soluble  m  water,  and  are  formed  by  fusing  tantalic  oxide  mth 
caustic  alkalis:  those  of  the  earth-metals  and  heavy  metals  are 
insoluble,  and  are  formed  by  precipitation. 

Tantalum  dioxide^m:  Tcontalous  oxide,  TaOg,  may  be  represented 

by  the  formula        |        ,  in  which  the  metal  is  still  quin- 

.  O—Ta— 0  ^ 
quivalent.    It  is  produced  by  exposing  tantalic  oxide  to  an  intense 

Ch*eSrrvol.Tj' 665.'"''^''''      preparation,  see  VVatts's  Di.Lionarv  of 
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heat  in  a  crucible  lined  witli  charcoal.  It  is  a  hard  dark  grey  swli- 
stance,  which,  when  heated  in  the  air,  is  converted  into  tantalic 
oxide. 

Hydrochloric  or  sulphuric  acid,  added  in  excess  to  a  solution  of 
alkaline  tantalate,  forms  a  precipitate  of  tantalic  acid,  which  redis- 
solves  in  excess  of  the  hydrocliloric,  but  not  of  the  sulphuric  acid. 
Potassium  ferrocyanide,  added  to  a  very  slightly  acidulated  solu- 
tion of  an  alkaline  tantalate,  forms  a  yellow  precipitate  ;  the 
ferricyanide,  a  white  precipitate.  Infusion  of  galls  forms  a  light 
yellow  precipitate,  soluble  in  alkalis.  When  tantalic  chloride  is 
dissolved  in  strong  sulphuric  acid,  and  then  water  and  metallic 
zinc  are  added,  a  fine  blue  colour  is  produced,  which  does  not  turn 
brown,  but  soon  disappears. 

Tantalic  oxide  fused  with  microcosmic  salt  in  either  blowpipe 
flame  forms  a  clear,  colourless  glass,  which  does  not  turn  red  on 
addition  of  a  ferrous  salt.  With  borax  it  also  forms  a  transparent 
glass,  which  may  be  rendered  opaque  by  interrupted  blowing,  or 
flaming. 


NIOBIUM,  or  C  O  L  U  MB  I TJ  M. 

Atomic  weight,  94.   Symbol,  Nb. 

This  metal,  discovered  in  1801  by  Hatchett,  in  American  columbite,  , 
exists  likewise,  associated  with  tantalum,  in  columbites  from  other  ) 
soui'ces,  and  in  most  tantahtes ;  also,  associated  with  yttrium, 
uranium,  iron,  and  small  quantities  of  other  metals,  in  Siberian 
samarskite,  m-anotantalite,  or  yttroilmenite  ;  also  in  pyrochlore,  i 
euxenite,  and  a  variety  of  pitchblende  from  Satersdalen  in  Norway.  ] 
The  metal,  obtained  in  the  same  manner  as  tantalum,  is  a  IJack  '■ 

fowder,  which  oxidises  with  incandescence  when  heated  in  the  aii". 
t  'dissolves  in  hot  hydrofluoric  acid,  with  evolution  of  hydrogen, 
and,  at  ordinary  temperatures,  in  a  mixtui-e  of  hydrofluoric  and 
nittic  acid  ;  slowly,  also,  when  heated  with  strong  sulphuric  acid. 
It  is  oxidised  by  fusion  with  acid  potassium  sulphate,  and  gradually 
converted  into  potassium  niobate  by  fusion  with  potassium  hydrate 
or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  class  of  com- 
jjounds,  namely,  a  chloride,  NbClg ;  oxide,  l^^h.^O^ ;  oxychloride 
NbOOlg,  &c. 

Niobic  Oxide,  NbjOj,  is  formed  when  the  metal  burns  in  the  air. 
It  is  prepared  from  columbite,  &c.,  by  fusing  the  le-\dgated  mineral 
in  a  platinum  crucible  -nnth  6  or  8  parts  of  acid  potassium  sulphate,  •  ; 
removing  soluble  salts  by  boilmgthe  fused  mass  vdth  water,  digesting 
the  residue  with  ammonium  sulphide  to  dissolve  tin  and  tungsten, 
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boiling  with  strong  hydi'ochloric  acid  to  remove  iron,  m-anium,  and 
other  metals,  and  hnally  washing  with  water.  Niobic  oxide  is  thus 
obtained  generally  mixed  Avith  tantalic  oxide,  from  which  it  is 
separated  by  means  of  hydrogen  and  potassium  fluoride,  HF.KF, 
which  converts  the  tantalum  into  sj)aringly  soluble  potassium 
tantalofluoride,  2KF.TaF5,  and  the  niobium  into  easily  soluble 
potassium  nioboxyfluoride,  2KF.NbOF3.aq. 

Niobic  oxide  is  also  produced  by  decomposing  niobic  chloride,  or 
oxychloride,  with  water  :  when  piu-e  it  has  a  specific  gravity  of  4'4 
to  4'5.  It  is  an  acid  oxide,  rmiting  with  basic  oxides,  and  forming 
salts  called  niobate.s,  some  of  which  occur  as  natm-al  minerals  : 
columbite,  for  example,  being  a  ferro-manganous  niobate.  The 
potassium  niobates  crystallise  readily,  and  in  well-defined  forms. 
Marignac  has  obtained  the  salts  4K20-3Nb205.16ac|.  crystallising 
in  monoclinic  prisms  ;  8K2O.7Nb2Og.32aq.  in  pyramidal  mono- 
chnic  crystals;  3K2O.2Nb2O5.i3aq.  in  rhomboidal  prisms;  and 
K2O.3Nb2O5.aq.  as  a  pulverulent  precipitate,  by  boiling  a  solution 
of  potassium  nioboxyfluoride  with  potassium  carbonate.  The  sodium 
niobates  are  crystalline  powders  which  decompose  during  wash- 
ing. There  is  also  a  sodium  and  potassium  niobate,  containing 
Na20.3K20.3Nb205.9  aq. 

Niobic  Chloride,  NbClg,  is  obtained,  together  with  the  oxy- 
chloride, by  heating  an  intimate  mixttue  of  niobic  oxide  and 
charcoal  in  a  stream  of  chlorine  gas.  It  is  yellow,  volatile,  and 
easily  fusible.  Its  observed  vapour-density,  according  to  Deville  and 
Troost,  is  9'6  referred  to  air,  or  138'6  referred  to  hydrogen  as  imity :  by 

,    ,    .     ,              ,            ,        ...    94-1-5. 35-5 
calculation  tor  a  two-volume  condensation,  it  is  ^  =137'75. 

The  oxychloride,  NbOClg,  is  white,  volatile,  but  not  fusible  :  its 
specific  gravity,  referred  to  hydrogen,  is  by  observation,  114'06  ; 
94-I-16-I-3.35-5 

by  calculation,  2  =  109'25.    Both  these  compounds 

are  converted  by  water  into  niobic  oxide. 

Niobic  Oxyfluoride,  NbOFg,  is  formed  by  dissolving  nfobic 
oxide  in  hydrofluoric  acid.  It  unites  with  the  fluorides  of  the  inore 
basic  metals,  forming  salts  isomorphous  with  the  titanofluorides, 
stannofluorides,  and  tungstofluorides,  I  atom  of  oxygen  in  these  salts 
taking  the  place  of  2  atoms  of  fluorine.  Marignac  has  obtained  five 
potassium  nioboxyfluorides,  all  perfectly  crystallised,  namely  : 

2KF.NbOF3.aq.,  crystallising  in  monoclinic  plates, 
SKF.NbOFj  „  cuboid  forms  (system  unde- 

termined), 

aKF.HF.NbOFg  „  monoclinic  needles, 

.5KF.3NbOF3.aq.          „  hexagonal  prisms, 

4KF.3NbOF3.2  aq.       „  triclinic  prisms. 
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Potassium  niohofiuoride,  SKF.NbFj,  separates  in  sliining  mono- 
clinic  needles  from  a  solution  of  the  first  of  the  above-mentioned 
nioboxyfluorides  in  hydrofluoric  acid.  Nioboxy  fluorides  of  am- 
monium, sodium,  ziac,  and  copper  have  also  been  oljtaiaed. 

The  isomorphism  of  these  salts  with  the  stannofluorides,  titano- 
fluorides,  and  timgstofluorides,  shows  clearly  that  the  existence  of 
isomorphism  between  the  corresponding  compounds  of  any  two  ele- 
ments, must  not  be  taken  as  a  decided  proof  that  those  elements  are 
of  equal  atomicity  :  for  ia  the  case  now  under  consideration,  we  have 
isomorjjhous  salts  formed  by  tiu  and  titanium,  which  are  tetrads, 
niobium,  which  is  a  pentad,  and  timgsten,  which  is  a  hexad. 


The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of 
any  other  metal  except  tantalum.  The  most  characteristic  reactions 
of  niobates  and  tantalates  with  liquid  reagents  ai-e  the  following  : — 


Hydrochloric  acid  .  . 
Ammonium  chloride  , 

Potassium  ferrocyanide 
„  ferricyanide 

Infusion  of  galls     .  . 


Niohates. 

White  precipitate,  in- 
soluble in  excess. 

Precipitation  slow  and 
incomplete. 


Red  precij^itate. 
Bright  yellow  precipi- 
tate. 

Orange-red  precipitate. 


Tantalates. 

White  precipitate, 
soluble  in  excess. 

Complete  precipi- 
tation as  acid 
ammonium  tan- 
talate. 

Yellow  precipitate. 

White  precipitate. 

Light  yellow  pre- 
cipitate. 


Mobic  oxide,  heated  with  borax  in  the  outer  blowpipe  flame, 
forms  a  colourless  bead,  which,  if  the  oxide  is  in  sufiicieut  quantity, 
becomes  opaque  by  interrupted  blowing  or  flaming.  In  microcosmic 
salt  it  dissolves  abimdantly,  forming  a  colourless  bead  in  the  outer 
flame,  and  in  the  inner  a  violet-coloiu-ed,  or  if  the  bead  is  saturated 
with  the  oxide,  a  beautiful  blue  bead,  the  colour  disappearing  in  the 
outer  fliime. 
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CHROMIUM. 

Atomic  weight,  52  '2.    Symbol,  Cr. 

Chromium  is  found  in  the  state  of  oxide,  in  combination  with 
iron  oxide,  in  some  abundance  in  the  Shetland  Islands,  and  else- 
where :  as  lead  chromate  it  constitutes  a  very  beautiful  mineral, 
from  which  it  was  first  obtained.  The  metal  itself  is  prepared  in 
a  half-fused  condition  by  mixing  the  oxide  with  half  its  weight  of 
charcoal  powder,  enclosing  the  mixture  in  a  crucible  lined  with  char- 
coal, and  thea  subjecting  it  to  the  very  highest  heat  of  a  powerful 
furnace. 

DeviUe  has  prepared  metallic  chromium  by  reducing  pure  chro- 
mium sesquioxide  with  an  insufficient  quantity  of  charcoal,  in  a  lime 
crucible.  Thus  prepared,  metallic  chjomium  is  less  fusible  than 
platinum,  and  as  hard  as  corundum.  It  is  readily  acted  upon  by 
dilute  hydrochloric  acid,  less  so  by  dilute  sulphuric  acid,  and  not  at 
all  by  concentrated  nitric  acid.  Fremy  obtained  chromium  in  small 
cubic  crystals,  by  the  action  of  sodium  vapour  on  chromium  trichlo- 
ride at  a  red-heat.  The  crystalline  chromium  resists  the  action  of 
concentrated  acids,  even  of  nitromuriatic  acid. 

Chromium  forms  a  hexfluoride,  CrFg,  and  a  corresponding  oxide, 
CrOg,  analogous  to  sulphuric  oxide  ;  also,  an  acid,  H2Cr04,  an- 
alogous to  sulphuric  acid,  with  corresponding  salts,  the  chromates, 
which  are  isomorphous  with  the  sulphates.  In  its  other  compounds 
chromium  resembles  iron,  forming  the  chromic  compoimds  CcgClg, 
Cr203,  &c.,  ia  which  it  is  apparently  trivalent  but  really  quadri- 
valent, and  the  chromous  compounds,  CrClg,  CrO,  &c.,  in  which  it 
is  bivalent. 

OMorides. — The  (bichloride,  or  Gliromous  chloride,  CrCl2,  is  pre- 
pared by  heating  the  violet-coloured  trichloride,  contained  iu  a  porce- 
lain or  glass  tube,  to  redness  in  a  current  of  perfectly  dry  and  pure 
hydrogen  gas  :  hydrochloric  acid  is  then  disengaged,  and  a  white 
foliated  mass  is  obtained,  which  dissolves  in  water  with  great  eleva- 
tion of  temperature,  yielding  a  blue  solution,  which,  on  exposure  to 
the  air,  absorbs  oxygen  with  extraordinary  energy,  acquiring  a  deep 
green  colour,  and  passing  into  the  state  of  chromic  oxy chloride, 
CraClg.CrjOg.  Chromous  chloride  is  one  of  the  most  powerful  re- 
ducing or  deoxidising  agents  known,  precipitating  calomel  from  a 
solution  of  mercuric  chloride,  instantly  converting  tungstic  acid  into 
blue  Uingsten  oxide,  and  precipitating  gold  from  a  solution  of  auric 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate  which 
tuma  green  on  exposure  to  the  air ;  with  ammonia  and  sal- 


472  HEXAD  METALS.  . 

ammoniac,  a  blue  solution  turning  red  on  exposure  to  the  air  ;  and  ■ 
with  ammonium  sulphide,  a  black  precipitate  of  chromous  sulphide. 

The  trichloride,  or  Chromic  chloride,  CrgClg,  is  obtained  in  the 
anhydi"ous  state  by  heating  to  redness  in  a  porcelain  tube  a  mix- 
ture of  chromium  sesquioxide  and  charcoal,  and  passing  diy  chlo- 
rine gas  over  it.  The  trichloride  sublimes,  and  is  deposited  in  the 
cool  part  of  the  tube,  in  the  form  of  beautiful  crystaUine  plates  of  a 
pale  violet  colour.  It  is  totally  insoluble  in  water  imdei  ordinary 
circumstances,  even  at  the  boiluig  heat.  It  dissolves,  however,  and 
assumes  the  deep-green  hydrated  state  in  water  containing  an 
exceedingly  minute  quantity  of  the  dichloride  in  solution.  The 
hydration  is  marked  by  the  evolution  of  much  heat. 

The  green  hydrated  chromic  chloride  is  easily  formed  by  dissolving 
chromic  hydrate  in  hydrochloric  acid,  or  by  boiling  lead  chromate, 
or  silver  chromate,  or  a  solution  of  chi'omic  acid,  with  hydrochloric 
acid  and  a  rediicuig  agent,  such  as  alcohol,  or  sulphurous  acid,  or 
even  with  hydrochloric  acid  alone  : 

aCrOs  -f-  12HC1  =  Cr^Cls  +  +  Clg  . 

The  solution  thus  obtained  exhibits  the  same  characters  as  the 
chromic  oxygen-salts.  When  evaporated  it  leaves  a  dark-green  syrup, 
which,  when  heated  to  100°  in  a  stream  of  diy  air,  yields  a  green 
mass  containing  CrgClg.QHaO.  The  same  solution  evaporated  in  a 
vacuum  yields  green  granular  crystals  containing  CrgClg.HgO. 

Fluorides. — The  trifluoride,  or  Gliromic  fluoride,  Ov,^^,  is  obtained 
by  treating  the  dried  sesquioxide  with  hydrofluoric  acid,  and  strongly 
heating  the  dried  mass,  as  a  dark -green  substance,  which  melts  at  a 
high  temperature,  and  subUmes  when  still  more  strongly  heated,  in 
shining  regular  oetohedrons. 

The  hexfluoride,  CrFp,  is  formed  by  distilling  lead  chromate  with 
fluorspar  and  fuming  oil  of  vitriol  in  a  leaden  retort,  and  condensing 
the  vapours  in  a  cooled  and  dry  leaden  receiver.  It  then  condenses 
to  a  blood-red  fuming  liquid,  which  volatilises  when  its  temperatm-e 
rises  a  few  degrees  higher.  The  vapour  is  red,  and,  when  inhaled, 
produces  violent  coughing  and  severe  oppression  of  the  lungs.  The 
hexfluoride  is  decomposed  by  water,  yielding  hydrofluoric  and 
chromic  acids.  A  fluoride,  intermediate  in  composition  between  the 
two  just  described,  is  obtained  in  solution  by  decomposing  the 
brown  dioxide  in  hydrofluoric  acid.  The  solution  is  red,  and  yields 
by  evaporation  a  rose-coloured  salt,  which  is  redissolved  without 
alteration  by  water,  and  precipitated  brown  by  ammonia. 

Oxides. — Chromium  forms  five  oxides,  containing  CrO,  Cr304, 
CraOg,  Cr02,  and  CrOg,  the  first  three  being  analogous  in  composi- 
tion to  the  three  oxides  of  iron. 

The  monoxide,  or  Chromous  oxide,  CrO,  is  formed  on  adding  ' 
potash  to  a  solution  of  chromous  chloride,  as  a  brown  precipitate, 
which  speedily  passes  to  deep  foxy-red,  mth  disengagement  of 
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hydrogen,  being  converted  into  a  Hgher  oxide.  Chromous  oxide  is  a 
I'owerM  base,  forming  pale-blue  salts,  which  absorb  oxygen  with 
extreme  avidity.  Potassio-chi'omous  sulphate  has  the  composition 
CrK2(S04)2.6H.30,  like  the  other  members  of  the  same  group. 

Trichromic  tetroxide  Cr304  =  CrO.Cr203,  is  the  above-mentioned 
bro-miish-red  precipitate  produced  by  the  action  of  water  upon  the 
monoxide.  The  decomposition  is  not  comj)lete  without  boiling. 
Tliis  oxide  corresponds  with  the  magnetic  oxide  of  iron,  and  is  not 
salifiable. 

Sesqwioxide,  or  Chromic  oxide,  Ci'jOg. — When  mercurous  chxomate, 
prepared  by  mixing  solutions  of  mercurous  nitrate  and  potassium 
chromate,  or  dichi-omate,  is  exposed  to  a  red  heat,  it  is  decomposed, 
pure  chromium  sesqiuoxide,  having  a  fine  green  colour,  remaining. 
In  this  state  the  oxide  is,  Uke  alumina  after  ignition,  insoluble  in 
acids.  The  anhydrous  sesquioxide  may  be  prepared  in  a  beautifidly 
ci-ystaUine  form  by  heating  potassium  dichromate,  K20.2Cr03,  to 
fuU  redness  in  an  earthen  crucible.  One-half  of  the  chi'omium 
trioxide  contained  in  that  salt  then  suffers  decomposition,  oxygen 
being  disengaged  and  sesquioxide  left.  The  melted  mass  is  then 
treated  with  water,  which  dissolves  out  neutral  potassium  chromate, 
and  the  oxide  is,  lastly,  washed  and  dried.  Chromium  sesquioxide 
communicates  a  fine  green  tint  to  glass,  and  is  used  in  enamel 
;pauiting.  The  crystalline  sesquioxide  is  employed  in  the  manu- 
facture of  razor-strops.  From  a  solution  of  chromium  sesquioxide 
in  potash  or  soda,  green  gelatinous  hydrated  sesquioxide  of  chromium 
is  separated  on  standing.  When  finely  powdered  ancl  dried  over 
sulphru'ic  acid,  it  consists  of  CraOa.eHjO.  A  hydrate  may  also  be 
prepared  by  boding  a  somewhat  dilute  solution  of  potassium 
dichromate  strongly  acidulated  with  hydrochloric  acid,  with  small 
successive  portions  of  sugar  or  alcohol.  In  the  former  case  carbon 
dioxide  escapes  :  in  the  latter,  aldehyde  and  also  acetic  acid  are 
formed,  and  the  chromic  acid  of  the  salt  becomes  converted  iuto 
chromium  trichloride,  the  colour  of  the  liquid  changing  from  red  to 
deep  green.  The  reduction  may  also  be  eflected,  as  already  observed, 
by  hydrochloric  acid  alone.  A  slight  excess  of  ammonia  precipitates 
the  hycbate  from  its  solution.  It  has  a  pale  purpHsh-green  colour, 
which  becomes  full  green  on  ignition ;  a  great  shrinking  of  volume 
and  sudden  incandescence  are  observed  when  the  hydrate  is  decom- 
po.sed  by  heat. 

Chromium  sesquioxide  is  a  weak  base,  resembling,  andisomorphous 
with,  iron  sesqirioxide  and  alumiua  ;  its  salts  (chromic  salts)  have  a 
green  or  purple  colour,  and  are  said  to  be  poisonous. 

Chromic  sidphate,  (CtzX&O^)^,  is  prepared  by  dissolving  the 
hydrated  oxide  in  dilute  sulphuric  acid.  It  unites  with  the  sul- 
phates of  potassium  and  ammonium,  giving  rise  to  magnificent  double 
salts,  which  crystallise  in  regular  octohedrons  of  a  deep  claret- 
colour,  and  possess  a  constitution  resembling  that  of  common  alum, 
the  aluminium  being  replaced  by  chromium.  The  ammonium-salt, 
for  example,  has  the  composition  Cf"'(NH4)(S04)2.12  aq.    The  finest 


474 


HEXAD  METALS. 


crystals  are  obtained  by  spontaneous  evaporation,  the  solution  being 
apt  to  be  decomposed  by  heat. 

The  dioxide,  CrOg,  which  is,  perhaps,  a  chromic  chromate,  CrOy 
CrjOg,  is  a  brown  substance  obtained  by  digesting  chromic  oxide 
with  excess  of  chromic  acid,  or  by  partial  reduction  of  chromic  acid 
■with  alcohol,  sulphurous  acid,  &c. 

Chromium  Trioxide,  CrOg ;  in  combination  with  water,  forming 
Chromic  acid,  CrOg.HgO  =  HgCrO^  =  (Cr02)"(OH)2.  Whenever  chro- 
mium sesquioxide  is  strongly  heated  with  an  alkali,  in  contact  with 
air,  oxygen  is  absorbed  and  the  trioxide  generated.  Chromium 
trioxide  may  be  obtained  nearly  pure,  and  in  a  state  of  great  beauty, 
by  mixing  100  measures  of  a  cold  satm-ated  solution  of  potassium 
dichi-omate  with  150  measures  of  oil  of  vitriol,  leaving  the  whole  to 
cool,  poiiring  off  the  mother-liquor,  and  leaving  the  crystals  to  di-ain 
upon  a  tile,  closely  covered  by  a  glass  or  bell-jar.  It  is  also  formed 
by  decomposing  the  hexfluoride  with  a  small  quantity  of  water. 
Chromium  trioxide  crystallises  in  brilliant  crimson-red  prisms  very 
deliquescent  and  soluble  in  water  :  the  solution  is  instantly  reduced 
by  contact  with  organic  matter. 

Chi'omic  acid  is  bibasic  and  analogous  in  composition  to  sulphuric 
acid  ;  its  salts  are  isomorphous  with  the  corresponding  sulphates. 

Potassium  chromate,  KgCrO^  or  (Cr02)'''(OK)2. — This  salt  is  made 
directly  from  the  native  chrome-iron  ore,  which  is  a  compound  of 
chromium  sesquioxide  and  ferrous  oxide,  analogous  to  magnetic  iron 
ore,  by  calcination  with  nitre  or  with  potassium  carbonate,  or  with 
caustic  potash,  the  ore  being  reduced  to  powder  and  heated  for  a 
long  time  with  the  alkali  in  a  reverberatory  furnace.  The  product, 
when  treated  with  water,  yields  a  yellow  solution,  which,  by  evapora- 
tion, deposits  anhydrous  crystals  of  the  same  colour,  isomorphous 
with  potassium  sulphate.  Potassium  chromate  has  a  cool,  bitter, 
and  disagreeable  taste,  and  dissolves  in  2  parts  of  water  at  15-5°. 

Potassium  dichromate,  or  anhydrochivmate,  KjO.SCrO,  or  K2Cr04. 
CrOg. — When  sulphmic  acid  is  added  to  the  preceding  salt  in 
moderate  quantity,  one-haK  of  the  base  is  removed,  and  the  neutral 
chromate  converted  into  dichromate.  This  salt,  of  which  immense 
quantities  are  manufactured  for  use  in  the  arts,  crystallises  by  slow 
evaporation  in  beautiful  red  tabular  crystals,  derived  from  a  tiiclinic 
prism.  It  melts  when  heated,  and  is  soluble  in  10  parts  of  water ; 
the  solution  has  an  acid  reaction. 

Potassiwm  trichromate,  KgO.SCrOg  or  KjCrO^.aCrOg,  may  be  ob- 
tained in  crystals  by  dissolving  the  dichromate  m  an  aqueous  solu- 
tion of  chromic  acid,  and  leaving  it  to  evaporate  over  sulphuric  acid. 

Lead  chromate,  PbCr04. — This  salt,  the  chrome-yellow  of  the 
painter,  is  obtained,  as  a  brilliant  yellow  precipitate,  on  mixing 
solutions  of  potassium  chromate  or  dichromate  •ndth  lead  ni- 
trate or  acetate.  On  boiling  it  with  lime-water,  one-half  of  the 
acid  is  withdrawn,  and  a  basic  lead  chromate  of  an  orange-red 
colour  left.    The  basic  chromate  is  also  formed  by  adding  lead 
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cliromate  to  fnseil  nitre,  and  afterwards  dissolving  out  the  soluble 
salts  by  water  :  the  product  is  crystalline,  and  rivals  vermilion 
in  beauty  of  tint.  The  yellow  and  orange  chrome  colours  are 
fixed  ujjon  cloth  by  alternate  application  of  the  two  solutions,  and 
in  the  latter  case  by  passing  the  dyed  stuff  through  a  bath  of  boilino- 
lime-water.  " 

Silver  chrmnate,  AgaCrO^.— This  salt  is  precipitated  as  a  reddish 
brown  powder  when  solutions  of  potassium  ckromate  and  silver 
nitrate  are  mixed.  It  dissolves  in  hot  dilute  nitric  acid,  and 
separates,  on  cooling,  in  small  ruby-red  platy  crystals.  The 
chromates  of  barium,  zinc,  and  mercimj  are  insoluble  ;  the  first  two 
are  yellow,  the  last  is  brick-red. 

Perchromic  Acid  is  obtained,  according  to  Barreswil,  by  mixing 
chromic  acid  mth  dilute  hycbogen  dioxide,  or  potassium  dichromate 
with  a  dilute  but  very  acid  solution  of  barium  dioxide  in  hydro- 
chloric acid  ;  a  liquid  is  then  formed  of  a  blue  colour,  which  is 
removed  from  the  aqueous  solution  by  ether.  This  very  unstable 
compoimd  has  perhaps  the  composition  HoCroOo,  or  CroO-.H.O, 
analogous  to  that  of  permanganic  acid. 

Chromium  Dioxydichloride,  or  Chromyl  dichloiide,  CrO^Cl,, 
commonly  called  Chlorochromic  acid.— When  3  parts  of  potassium 
dichromate  and  3  parts  of  common  salt  are  intimately  mixed  and 
introduced  into  a  small  glass  retort,  9  parts  of  oil  of  vitriol  then 
added,  and  heat  applied  as  long  as  dense  red  vapours  arise,  this 
compound  passes  over  as  a  heavy  deep-red  liquid  resemblino- 
bromme  :  it  is  decomposed  by  water,  with  production  of  chi-omic 
and  hydi-ochloric  acids.  It  is  analogous  to  the  so-called  chloro- 
molybdic,  chlorotungstic,  and  chlorosulphui-ic  acids,  in  composition 
and  m  the  products  which  it  yields  when  decomposed.  It  may  be 
regarded  as  formed  from  the  trioxide  bv  substitution  of  CI,  for  0 
or  from  chromic  acid  (Cr02)(OH)2,  by  substitution  of  Gl,  for  (OH),  • 
also  as  a  compound  of  chromium  hexchloride  (not  known  in  the 
separate  state),  with  chromium  trioxide:  CrCl6.2CrO,  =  3CrO,Cl 

Trichrmnyl  dichloricle,  (CrOjCl,  or  CrO^Cl-CrOo-CrO^Cl  is 
formed  by  heating  the  preceding  compound  to  180°-190°  in  a  sealed 
tube  :  SCrOaCla  =  {CvO^).fil,  +  CI,.  It  is  a  black  noncrystalline  pow- 
der, which  deliquesces  rapidly  m  the  air  to  a  dark  reddish-  brown 
syrupy  bquid  smellmg  of  free  chlorine.  When  gently  heated  in 
fiydrogen  gas  it  takes  fire,  and  is  resolved  into  chromium  sesriiu- 
oxide,  hydrochloric  acid,  and  water: 

aCrgOeCl^  -1-  lOH  =  SCr^Og  -|-  4HC1  +  BH^O  . 

Reactions  of  Clworwium  compounds.—A.  solution  of  chromic  chloride, 
or  a  chromic  oxygen  salt,  is  not  precipitated  or  changed  in  any  way 
by  hydrogen  sulphide.  Ammonium  sulphide  throws  down  a  greyish- 
green  precipitate  of  chromic  hydrate.  Gaxistic  fixed  alkalis  also 
precipitate  the  hydrated  oxide,  and  dissolve  it  easily  when  added  in 
excess.    Ammonia,  the  same,  but  nearly  insoluble.    The  carbonates 
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of  ^potassium,  sodium,  and  a/mmonium  also  throw  doAvn  a  green 
precipitate  of  hydrate,  slightly  soluljle  in  a  large  excess, 

Chromous  salts  are  but  rarely  met  with  ;  for  their  reactions,  see 
Chromium  dichloride,  p.  471. 

Chromic  acid  and  its  salts  are  easily  recognised  in  solution  Ijy 
forming  a  pale  yellow  precipitate  with  barium  salts,  bright  yeUow 
with  l&ad  scdts,  brick-red  with  mcrcurous  salts,  and  crimson  with 
silver  salts ;  also  by  their  capability  of  yielding  the  green  sesq^uioxide 
by  reduction. 

All  chromium  compounds,  ignited  with  a  mixture  of  nitre  and  an 
alkaline  carbonate,  yield  an  allcaline  chromate,  which  may  be  dis- 
solved out  by  water,  and  on  being  neutralised  with  acetic  acid,  yn^ 
give  the  reactions  just  mentioned. 

The  oxides  of  chi'omium  and  their  salts,  fused  with  borax  ia  either 
blowpipe  flame,  yield  an  emerald-green  glass.  The  same  character 
is  exhibited  by  those  salts  of  chromic  acid  whose  bases  do  not  of 
themselves  impart  a  decided  colour  to  the  bead.  The  production  of 
the  green  colour  in  both  flames  distinguishes  chi'omium  from 
uranium  and  vanadium,  which  give  green  beads  ra  the  inner  flame 
only. 


URANIUM. 

Atomic  weight,  240.    Symbol,  TJ. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende,  which  is  an 
oxide,  and  uranite,  which  is  a  phosphate  ;  the  former  is  its  priacipal 
ore.  The  metal  itself  is  isolated  by  decomposing  the  chloride  -svith 
potassium  or  sodium,  and  is  obtained  as  a  black  coherent  powder, 
or  in  fused  white  malleable  globiiles,  according  to  the  mariner  in 
which  the  process  is  conducted.  It  is  permanent  in  the  air  at 
ordinary  temperatures,  and  does  not  decompose  water  ;  but  in  the 
pulverulent  state  it  takes  fire  at  207°,  bm-ning  mth  great  splendour 
and  forming  a  dark-green  oxide.  It  unites  also  very  \dolently  with 
chlorine  and  with  sulphur. 

Uranirrm  forms  two  classes  of  compounds  :  ■\az.,theuranous  com- 
pounds, in  which  it  is  quadrivalent,  e.g.,  UCI4,  UOo,  U(S0J2)  &c., 
and  the  uranic  compounds,  in  which  it  is  sexvalent,  e.g., 

UO3,  UO2CI2,  U02(N03)2,  U02(S0,). 

There  are  also  two  oxides  intermediate  between  uranous  and 
uranic  oxide.  There  is  no  chloride,  bromide,  iodide,  or  fluoride 
corresponding  with  m-anic  oxide,  such  as  UClg  ;  neither  are  there 
any  normal  uranic  oxysalts,  such  as  U(N03)e,  11(804)3,  &c.  ;  but  all 
the  uranic  salts  contain  the  group  UOj,  which  may  be  regarded  as' 
a  bivalent  radicle  (m-anyl),  uniting  with  acids  in  the  usual  propor- 
tions, and  forming  normal  salts ;  thus — 
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Urailic  oxide  or  Uranyl  oxide,     .       .  (U09)0 

Ui-aiiic  oxychloride  or  Uranyl  chloride,  (U02)CL 

Urailic  nitrate  or  Uranyl  nitrate,        .  (U02)(N03)2 

Uranic  sulphate  or  Uranyl  sulphate,    .  (U02)(S04) . 

This  view  of  the  composition  of  the  uranic  salts  is  not,  however, 
essential,  since  they  may  also  be  formulated  as  basic  salts  in  the 
manner  above  illusti-ated. 

Chlorides. —  Uranous  chloride,  UCI4,  is  formed,<with  vivid  incan- 
descence, by  burning  metallic  uranium  in  chlorine  gas,  also  by 
igniting  uranous  oxide  in  hydrochloric  acid  gas.  It  crystallises  in 
dark-green  regular  octohedi-ons,  and  dissolves  easily  in  water,  form- 
ing an  emerald-green  solution,  which  is  decomposed  when  dropped 
into  boiling  water,  giving  off  hydrochloric  acid,  and  yielding  a 
browTi  precipitate  of  hydrated  uranous  oxide.  It  is  a  powerful 
deoxidising  agent,  reducing  gold  and  silver,  converting  ferric  salts 
into  ferrous  salts,  &c. 

Uranu  oxychloride,  or  Uranyl  chloride,  UO2CI2,  is  formed  when 
dry  chlorine  gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange- 
yeUow  vapour,  which  solidifies  to  a  yeUow  crystalline  fusible  mass, 
easily  soluble  in  water.  It  forms  double  salts  with  the  chlorides  of 
the  alkali-metals, — the  potassium  salt,  for  example,  having  the  com- 
position, UO2CI2.2KCI.2H2O. 

Oxides. —  Uranous  oxide,  U0„  formerly  mistaken  for  metallic 
uramum,  is  obtained  by  heating  the  oxide,  UgOg,  or  uranic  oxalate, 
m  a  current  of  hydrogen.  It  is  a  brown  powder,  sometimes  highly 
crystalline.  In  the  finely  divided  state  it  is  pyrophoric.  It  dissolves 
in  acids,  forming  green  salts. 

Uranoso-uranic  oxide,  U308=U02.2U03.— This  oxide  forms  the 
chief  constituent  of  pitchblende.  It  is  obtained  artificially  by  ignit- 
ing the  metal  or  uranous  oxide  in  contact  with  the  air,  or  by  gentle 
ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a  dark-green 
velvety  powder,  of  specific  gravity  7-1  to  7-3.  When  ignited  in 
hydxogen,or  with  sodium,  charcoal,  orsulphur,  itisreduced  to  ui-anous 
oxide.  When  ignited  alone,  it  yields  a  black  oxide,  U2O5.  Uranoso- 
uranic  oxide  dissolves  in  strong  sulphuric  or  hydrochloric  acid, 
yielding  a  mixture  of  uranous  and  uranic  salt ;  by  nitric  acid  it  is 
oxidised  to  uranic  nitrate. 

Uranic  oxide,  or  Uranyl  oxide,  UO3.— Uranium  and  its  lower 
oxides  dissolve  m  nitric  acid,  forming  uranic  nitrate ;  and  when  this 
salt  18  heated  m  a  glass  tube  till  it  begins  to  decompose,  at  250°, 
pirre  iiranic  oxide  remains  in  the  form  of  a  chamois-yellow  powder. 
Uranic  hydrate,  UO3.2H2O,  cannot  be  prepared  by  precipitating  a 
uranic  salt  with  alkalis,  inasmuch  as  the  preciintate  always  carnes 
down  alkali  with  it ;  but  it  may  be  obtained  by  evaporating  a  solu- 
tion of  uranic  nitrate  in  absolute  alcohol  at  a  moderate  heat,  .till,  at 
a  certain  degree  of  concentration,  nitrous  ether,  aldehyde,  and  other 
vapours  are  given  off,  and  a  spongy  yellow  mass  remains,  which  is 
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the  hydrate.  In  a  vacuum  at  ordinary  temperatures,  or  at  100°  in 
the  air,  it  gives  off  haK  its  water,  leaving  the  monohydrate,  UO3.H2O. 
This  hydrate  cannot  be  deprived  of  all  its  water  without  exposing  it 
to  a  heat  sufficient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to 
uranoso-uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the 
uranic  salts.  The m«raie,  (UOjXXNOgX.eHgO,  maybe  prepared 
from  pitchblende  by  dissolving  the  pulverised  mineral  in  nitric  acid, 
evaporating  to  dryness,  adding  water  and  filtering  ;  the  liquid  yields, 
by  due  evaporation,  crystals  of  manic  nitrate,  which  are  purified  by 
a  repetition  of  the  process,  and,  lastly,  dissolved  in  ether.  This 
latter  solution  yields  the  pure  nitrate. 

Uranates. — Uranic  oxide  imites  with  the  more  basic  metallic 
oxides.  The  uranates  of  the  alkali-metals  are  obtained  by  precipitat- 
ing a  uranic  salt  with  a  caustic  alkali  :  those  of  the  earth-metals  and 
heavy  metals,  by  precipitating  a  mixture  of  a  uranic  salt  and  a  salt 
of  the  other  metal  with  ammonia,  or  by  igniting  a  double  carbonate 
or  acetate  of  uranium  and  the  other  metal  (calcio-uranic  acetate,  for 
example)  in  contact  with  the  air.  The  m^anates  have,  for  the  most 
part,  the  composition  M2O.2UO3.  They  are  yellow,  insoluble  in 
water,  soluble  in  acids.  Those  which  contain  fixed  bases  are  not 
decomposed  at  a  red  heat ;  but  at  a  white  heat,  the  uranic  oxide  is 
reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen  to 
urauous  oxide  :  the  mass  obtained  by  this  last  method  easily  takes 
fire  in  contact  with  the  air.  Sodium  uranate,  Na20.2U03,  is  much 
used  for  imparting  a  yellowish  or  greenish  colour  to  glass,  and  as  a 
yellow  pigment  on  the  glazing  of  porcelain.  The  "uranium-yellow" 
for  these  purposes  is  prepared  on  the  large  scale  by  roasting  pitch- 
blende with  lime  in  a  reverberatory  furnace  ;  treating  the  resiilting 
calcium  uranate  with  dilute  sulphuric  acid  ;  mixing  the  solution  of 
uranic  sulphate  thus  obtained  with  sodiimi  carbonate,  by  which  the 
ui-auium  is  first  precipitated  together  mth  other  metals,  but  then 
redissolved,  tolerably  free  from  impurity,  by  excess  of  the  alkali ; 
and  treating  the  liquid  with  dilute  sulphuric  acid,  which  throws 
down  hydrated  sodium  uranate,  Na2O.2UO3.6aq.  Ammonim  uranate 
is  but  slightly  soluble  in  pure  water,  and  quite  insoluble  in  water 
containing  sal-ammoniac  ;  it  may,  therefore,  be  prepared  by  precipi- 
tating a  solution  of  sodium-m-anate  with  that  salt.  It  occurs  in 
commerce  as  a  fine  deep  yeUow  pigment,  also  called  "lu-anium 
yellow."  This  salt,  when  heated  to  redness,  leaves  pure  uranoso- 
uranic  oxide,  and  may,  therefore,  serve  as  the  raw  material  for  the 
preparation  of  other  uranium  compoimds. 

Uranous  salts  form  green  solutions,  from  which  caustic  alkalis 
throw  down  a  red-brown  gelatinous  precipitate  of  lu'anous  hydrate  ; 
alkaline  carbonates,  green  precipitates,  which  dissolve  in  excess, 
especially  of  ammonium  carbonate,  forming  green  solutions. 
Ammonium  sulpliide  forms  a  black  precipitate  of  uranous  sulphide  j 
hydrogen  sulphide,  no  precipitate. 
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Uranic  salts  are  yellow,  and  yield  with  caustic  alkalis  a  yellow 
l^recipitate  of  alkaline  uranate,  insoluble  in  excess  of  the  reagent. 
Alkaline  carbonates  form  a  yellow  precipitate,  consisting  of  a  car- 
bonate of  uraniiun  and  the  alkaH-metal,  soluble  in  excess,  especially 
of  acid  ammonium  or  potassiimi  carbonate.  Ammonium  sul2}hide 
forms  a  black  precipitate  of  ui-anic  sulphide.  Hydrogen  sulphide 
forms  no  precipitate,  but  reduces  the  uranic  to  a  green  m-anous  salt. 
Potassium  ferrocyanide  forms  a  red-brown  precipitate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in 
the  outer  blowpipe  flame,  produce  a  clear  yeUow  glass,  which  be- 
comes greenish  on  cooliug.  In  the  inner  flame  the  glass  assumes  a 
gi-een  colour,  becoming  still  greener  on  cooling.  The  oxides  of 
uranium  are  not  reduced  to  the  metallic  state  by  fusion  with  sodium 
cai'bonate  on  charcoal. 

Uranium  compounds  are  used,  as  already  observed,  in  enamel 
painting  and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine 
black  colour,  and  uranic  oxide  a  delicate  greenish-yellow,  highly 
fluorescent  glass.    Uranium  salts  are  also  used  ia  photography. 


TUNGSTEN,  or  "WOLFRAM:. 

Atomic  weight,  184.  Symbol,  "W. 
Tungsten  is  found,  as  ferrous  tungstate,  in  the  mineral  wolfram 
tolerably  abundant  in  Cornwall ;  occasionally  also  as  calcium' 
tungstate  (scheelite  or  tungsten),  and  as  lead  tungstate  (scheeletine). 
MetaUic  tungsten  is  obtained  ia  the  state  of  a  dark-gi-ey  powderj 
by  strongly  heating  tungstic  oxide  in  a  stream  of  hydrogen,  but 
requires  for  fusion  an  exceedingly  high  temperature.  It  is  a  white 
metal,  very  hard  and  brittle  :  it  has  a  density  of  17 '4.  Heated  to 
redness  in  the  air,  it  takes  fire  and  reproduces  tungstic  oxide. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quad- 
rivalent and  sexvalent  respectively,  and  a  third  class,  of  inter- 
mediate composition,  in  which  it  is  apparently  quinquivalent. 

Chlorides.— These  compoimds  are  formed  by  heating  metallic 
tungsten  m  chlorine  gas.  The  hexchloride,  or  tungstic  chloride, 
VVGlg,  IS  also  produced,  together  with  oxychloride,  by  the  action  of 
chlonne  on  an  ignited  mixture  of  tungstic  oxide  and  charcoal.  The 
oxychlorides,  being  more  volatile  than  the  hexchloride,  may  be 
separated  from  it  by  sublimation.  The  hexchloride  forms  dark 
violet  scales  or  fused  crusts  having  a  bluish-black  metallic  irides- 
cence. By  contact  with  water  or  moist  air,  it  is  converted  into 
hydrochloric  and  tungstic  acids.  The  chlorides,  WClg,  WCl^,  and 
m.la,  are  formed  when  the  hexchloride  is  heated  in  hydrogen  gas. 
The  two  former  are  crystalline  :  the  dichloride  is  a  loose  grey 
powder,  destitute  of  crystalline  structure.* 

*  Roscoe,  Journal  of  the  Chemical  Society,  1872,  p.  287. 
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A  pentabromide  and  hexbromide  are  formed  by  the  action  of 
bromine  in  excess  on  tungsten. — The  hexfluoride,  WFg,  is  obtained 
by  evaporating  a  solution  of  tungstic  acid  in  hydrofluoric  acid. 

Oxides. — Tungsten  forms  three  oxides,  WOg,  WO3,  and  WjOg, 
neither  of  Avhich  exhibits  basic  properties,  so  that  there  are  no 
tungsten  salts  in  which  the  metal  replaces  the  hydrogen  oi  an  acid, 
or  takes  the  electro-positive  part.  The  trioxide  exhibits  decided 
acid  tendencies,  uniting  with  basic  metallic  oxides,  and  forming 
crystallisable  salts  called  tungstates.  The  pentoxide  may  be 
regarded  as  a  compound  of  the  other  two. 

The  dioxide,  or  Tungstous  oxide,  WOj,  is  most  easily  prepared  by 
exposing  tungstic  oxide  to  hydi-ogen,  at  a  temperature  not  exceeding 
dull  redness.  It  is  a  brown  powder,  sometimes  assuming  a 
crystalline  appearance  and  an  imperfect  metallic  lustre.  It  takes 
fire  when  heated  in  the  air,  and  bm-ns,  like  the  metal  itself,  to 
tungstic  oxide.    It  forms  a  definite  compound  with  soda. 

The  trioxide,  or  Tungstic  oxide,  WO3,  is  most  easily  prepared  from 
native  calcium  tungstate  by  digestion  in  nitric  or  hydi-ochloric  acid, 
the  soluble  calcium  salt  therelDy  produced  being  washed  out  with 
water,  and  the  remaining  tungstic  acid  ignited.  From  wolfi-am  it 
may  be  prepared  by  repeateclly  digesting  the  mineral  in  strong 
hydrochloric  acid,  ultimately  with  addition  of  a  little  nitric  acid, 
to  dissolve  out  the  iron  and  manganese  ;  dissolving  the  remaining 
tungstic  acid  in  aqueous  ammonia ;  evaporating  to  dryness  ;  and 
heatiug  the  residual  ammonium  tungstate  iu  contact  with  the  air. 
Tungstic  oxide  is  a  yeUow  powder  insoluble  in  water,  and  m  most' 
acids,  but  soluble  in  alkalis.  The  hot  solutions  of  the  resulting 
alkaline  tungstates,  when  neutralised  with  an  acid,  yield  a  yeUow 
precipitate  of  tungstic  monohydrate  or  tungstic  acid,  H.2WO4  or 
H2O.WO3.  Cold  dilute  solutions,  on  the  other  hand,  yield  with 
acids  a  white  precipitate,  consistuig  of  tungstic  dilmjdmte,  or  hydrated 
tungstic  acid,  SHgO-WO.,  or  H2W04,H20.  Tungstic  acid  reddens 
litmus  and  dissolves  easily  in  alkalis. 

Tungstates. — Tungstic  acid  unites  with  bases  ui  various  and 
often  in  very  unusual  proportions.  It  is  capable  of  existing  also 
in  two  isomeric  modifications,  viz. — 1.  Ordinary  tungstic  acid,  which 
is  insoluble  in  water,  and  forms  insoluble  salts  with  aU  metals, 
except  the  alkali-metals  and  magnesium ;  2.  Metatungstic  acid, 
which  is  soluble  in  water,  and  forms  soluble  salts  with  nearly  all 
metals.  Ordinary  tungstic  acid  forms  normal  salts  containing 
M2WO4  or  M2O.WO3,  and  acid  salts  containing  3M,0.7W03,  which 
may  perhaps  be  regarded  as  double  salts  composed  of  diacid  and 
triacid  tungstates,  that  is,  as  2(M20.2W03)+M20.3W03.  The 
tungstates  of  potassium  and  sodium,  especially  the  latter,  are  some- 
times used  as  mordants  in  dyeing,  in  place  of  stannates ;  also  for 
rendering  muslin  and  other  light  fabrics  uninflammable.  Tungstous 
tungstate,  WO2.WO3,  which  has  the  composition  oi  tungsten  pen  toxidej 
W2O5,  is  a  blue  substance  formed  by  reducing  tungstic  oxide  or 
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tungstic  acid  with  zinc  and  hydrochloric  acid  ;  also  by  heating 
ammonium  tungstate  to  redness  in  a  retort. 

Metatungstates. — These  salts,  which  have  the  composition  of 
quadracid  tungstates,  M2O.4WO3,  are  formed  from  ordinary  tmig- 
states  by  addition  of  tungstic  acid,  or  by  removing  part  of  the  base 
by  means  of  an  acid.  They  are  for  the  most  part  soluble  and  crys- 
tallisable.  By  decomposing  barium  metatungstate  with  dilute 
sulphiu'ic  acid,  and  evaporating  the  filtrate  in  a  vacuum,  hydrated 
metatungstic  acid  is  obtained  in  quadratic  octohedi'ons  apparently 
containing  H2O.4WO3  +  31  aq. ;  it  is  very  soluble  in  water. 
_  Silicotutigstates* — By  boiling  gelatinous  silica  with  acid  potas- 
sium tungstate,  a  crystalline  salt  is  obtained,  having  the  composi- 
tion of  a  diacid  potassium  timgstate,  6(K20.2W03),  or  K13O0.I2WO3, 
in  which  one-third  of  the  potassium  is  replaced  by  silicon,  viz., 
K8Si"Og.l2W03,  so  that  the  silicon  here  enters  as  a  hasijlous  ele- 
ment. The  resulting  solution  yields  with  mercurous  nitrate  a 
precipitate  of  mercurous  dlicotungstate ;  this,  when  decomposed  by 
an  equivalent  quantity  of  hydrochloric  acid,  yields  a  solution  of 
hydrogen  silicotung state,  or  silicotungstic  acid ;  and  the  other  silico- 
tungstates,  which  are  all  soluble,  are  obtained  by  treating  the  acid 
with  carbonates. 

Silicodecitiongstic  acid,  H8Si''Og.lOW03,  is  obtained  as  an 
ammonium  salt  by  boiling  gelatinous  silica  with  solution  of  acid 
ammonium  trmgstate  ;  and  from  this,  the  acid  and  its  other  salts 
may  be  obtained  in  the  same  manner  as  the  preceding.  The 
silicodecitimgstates  are  very  unstable,  and  the  acid  is  decomposed 
by  mere  evaporation,  depositing  silica,  and  being  converted  into 
tungsto silicic  acid,  which  is  isomeric  with  silicotungstic  acid, 
and  likewise  decomposes  carbonates.  All  three  of  these  acids  are 
capable  of  exchanging  either  one-haK  or  the  whole  of  their  basic 
hydrogen  for  metals,  thereby  formmg  acid  and  neutral  salts  ; 
silicotungstic  acid  also  forms  an  acid  sodiimi  salt  in  which  only 
one-fourth  of  the  hydrogen  is  replaced  by  sodium. 

Tungsten  Sulpliides.— The  disidpUde,  or  Tungstous  sulphide, 
WSo,  is  obtained  in  soft,  black,  needle-shaped  crystals'  by  igniting 
tungsten,  or  one  of  its  oxides,  with  sulphur. 

The  trisulphide,  or  Tungstic  sulphide,  WSg,  is  formed  by  dissolving 
tungstic  acid  in  ammonium  sulphide,  and  precipitating  with  an 
acid,  or  by  adding  hydrochloric  acid  to  the  solution  of  an  alkaline 
tungstate  saturated  with  hydrogen  sulphide.  It  is  a  light-brown 
precipitate,  turning  black  when  diy.  It  unites  easily  with  basic 
metallic  sulphides,  forming  the  sulphotungstates,  MgWS^,  analogous 
to  the  normal  tungstates. 


Reactions  of  Tungsten  compounds.— -Soluhle  tungstates,  or  metatung- 
states,  supersaturated  with   sulphuric,  hydrochloric,  phosphoric, 

*  Marignac,  Ann.  Chim.  Phys.  [4]  Iji.  5 ;  Watts's  Dictionary  of  Cliemistiy, 
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oxalic,  or  acetic  acid,  yield,  on  the  introduction  of  a  piece  of  zinc,  a 
beautiful  blue  colour,  arising  from  the  formation  of  blue  tungsten 
oxide.  A  soluble  tungstate,  mixed  with  ammonium  sulphide,  and 
then  with  excess  of  acid,  yields  a  light-brown  precipitate  of  tungstic 
sulphide,  soluble  in  ammonium  sulphide.  Hydrogen  sulphide  does 
not  precipitate  the  acidulated  solution  of  a  tungstate,  but  turns  it 
blue,  owing  to  the  formation  of  the  blue  oxide.  Ordinary  tungstates 
give,  with  potassium  ferrocyanide,  after  addition  of  hydrochloric  acid, 
a  brown  flocculent  precipitate,  soluble  in  pure  water  free  from  acid ; 
metatimgstates  give  no  precijjitate.  Acids,  added  to  solutions  of 
ordinary  tungstates,  throw  down  a  white  or  yellow  precipitate  of 
tungstic  acid  ;  with  metatimgstates  no  precipitate  is  obtained. 

All  tungsten  compounds  form  colourless  beads  with  borax  and 
phosphorus  salt,  in  the  outer  blowpipe  flame.  With  borax,  in  the 
inner  flame,  they  form  a  yellow  glass,  if  the  quantity  of  tungsten  is 
somewhat  considerable,  but  colourless  with  a  smaller  quantity. 
With  phosphorus  salt  in  the  inner  flame  they  form  a  glass  of  a  pure 
blue  colour,  unless  metallic  oxides  are  present,  which  modify  it ;  in 
presence  of  u-on  the  glass  is  blood-red,  but  the  addition  of  metallic 
tin  renders  it  blue. 


Steel,  alloyed  with  a  small  quantity  of  timgsten,  acquires  extra- 
ordinary hardness.  Wootz,  or  Indian  steel,  contains  timgsten. 
Tungsten  has  also  a  remarkable  eff'ect  on  steel  in  increasing  its 
power  of  retaining  magnetism  when  hardened.  A  horse-shoe 
magnet  of  ordinary  steel,  weighing  two  poimds,  is  considered  of 
good  quality  when  it  bears  seven  times  its  own  weight ;  but,  accord- 
ing to  Siemens,  a  similar  magnet  made  with  steel  containing 
tungsten  may  be  made  to  carry  twenty  times  its  weight  suspended 
from  the  armature.* 


MOLYBDENUM. 

Atomic  weight,  96.    Symhol,  Mo. 

This  metal  occurs  in  small  quantity  as  sulphide,  or  tmhjMenite,  and 
as  lead  rnolybdate,  or  wulfenite.  Metallic  molybdenum  is  obtained, 
by  exposing  molybdic  oxide  in  a  charcoal-lined  crucible  to  the  most 
intense  heat  that  can  be  obtained.  It  is  a  white,  brittle,  and 
exceedingly  infusible  metal,  having  a  density  of  8-6,  and  oxidising, 
when  heated  in  the  air,  to  molybdic  oxide. 

CMorides. — Molybdeniim  forms  four  chlorides,  containing 
MoCls  M0CI3,  or'MoaClji,  M0CI4  and  M0CI5  or  MooClm. 

The  pentachloride  is  produced  when  metallic  molybdenum 
(previously  freed  from  oxide  by  ignition  in  hydi'ogen  chloride)  is 
heated  for  some  time  in  a  stream  of  dry  chlorine  gas. 

*  .Journal  of  tbe  Chemical  Society,  July,  1868.   2nd  Series,  vol.  vi.  p.  284. 
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The  pentacliloride,  heated  to  about  250°  in  a  stream  of  hydrogen, 
is  reduced  to  the  red,  difficulty  volatile  trichloride,  M0CI3  or 
MoaClg ;  and  this  compound,  heated  to  redness  ia  an  atmosphere  of 
cai'bon  dioxide  fi'ee  from  oxygen,  is  resolved,  according  to  the 
equation  Mo,Clg  =  MoCl2  +  MoCl.j  into  the  yellow  dichloricle  which 
remains  in  tine  tube,  and  the  brown  tetrachloride  which  sublimes 
or  is  carried  forward  by  the  stream  of  gas. 

Of  these  foiu-  chlorides  the  pentachloride  is  the  only  one  which 
crystallises  distinctly,  and  melts  and  volatilises  without  decomposi- 
tion. The  pure  pentachloride  is  black.  Its  vapour  has  a  dark 
brown-red  colour.  The  sulphur-yellow  dichloride  and  the  red 
trichloride,  which  is  deceptively  like  amorjDhous  phosphorus,  have 
been  obtained  only  in  the  amorphous  state ;  the  tetrachloride  is  an 
indistinctly  crystailiae  brown  sublimate.  In  an  atmosphere  of  car- 
bon dioxide  the  dichloride  bears  a  bright  red  heat  without  melting 
or  volatilising;  the  trichloride  under  the  same  circumstances  is  resolved 
into  di-  and  tetrachloride,  which  when  again  heated  splits  up  into 
pentachloride  which  sublimes,  and  trichloride  which  remains  behiad. 

The  di-  and  trichloride  are  quite  permanent  in  the  air  at  ordinary 
temperatures,  and  insoluble  in  water  ;  the  tetra-  and  pentachloride, 
on  the  other  hand,  are  extremely  susceptible  of  the  action  of  oxygen, 
and  more  particularly  of  moisture. 

The  dichloride  is  msoluble  in  nitric  acid,  which,  however, 
dissolves  all  the  other  chlorides.  The  dichloride  dissolves  easily  in 
hot  hijdrochloric  acid,  with  aid  of  heat,  and  crystallises  therefrom  on 
cooling,  in  long,  shiaing,  yeUow  needles,  MooCL.SHaO,  which  give 

ofP  2H2O  at  100°.*  '        2     4        2    -  g 

The  bromides  of  molybdenum  correspond  ia  composition  with 
the  chlorides ;  there  is  also  an  oxybromide  containing  Mo"Br202. 

Fluorides. — Molybdenum  forms  three  fluorides,  MoFj,  MoF^,  and 
MoFg,  which  are  obtained  by  dissolving  the  corresponding  oxides  in 
hydrofluoric  acid.  The  hexfluoride  is  not  known  in  the  free  state, 
but  only  in  combination  with  basic  metallic  fluorides  and  molybdates; 
thus  there  is  a  potassium  salt  containing  KgMoO^.KgMoFg. 

Oxides.— Molybdenum  forms  the  three  oxides,  MoO,  MoOg,  and 
M0O3,  besides  several  oxides  intermediate  between  the  last  two,  which 
may  be  regarded  as  molylxlic  molybdates. 

The  monoxide,  or  Molybdous  oxide,  MoO,  is  produced  by  bringing 
the  dioxide  or  trioxide,  in  presence  of  one  of  the  stronger  acids,  in 
contact  with  any  of  the  metals  which  decompose  water.  Thus  when 
zinc  is  immersed  in  a  concentrated  solution  of  an  alkaline  molybdate 
mixed  with  a  quantity  of  hydrochloric  acid  sufficient  to  red'issolve 
the  precipitate  first  thrown  down,  zinc  chloride  and  molybdous 
chloride  are  formed.  The  dark-coloured  solution  thus  obtained  is 
mixed  with  a  large  quantity  of  caustic  pota.sh,  which  precipitates  a 
black  hydrated  molybdous  oxide,  and  retains  the  zinc  oxide  in  solu- 

*  Liechti  and  Kempi,  Liebig's  Annalen,  c.  Ixix.  344. 
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tion.  The  freshly  precipitated  hydrate  is  soluble  in  acids  and 
ammonium  carbonate  ;  when  heated  in  the  air  it  burns  to  dioxide, 
but  when  dried  in  a  vacuum  it  leaves  the  black  anhydrous  monoxide. 

The  dioxide,  or  Molyhdic  oxide.  M0O2,  is  obtained  in  the  anhy- 
drous state  by  heating  sodium  raolybdate  with  sal-ammoniac,  the 
molybdic  trioxide  being  reduced  to  dioxide  by  the  hydrogen  of  the 
ammoniacal  salt ;  or,  in  the  hydrated  state,  by  digesting  metallic 
copper  in  a  solution  of  molybdic  acid  in  hydrochloric  acid,  until  the 
liquid  assumes  a  red  colour,  and  then  adding  a  large  excess  of 
ammonia.  The  anhydrous  dioxide  is  deep  brown,  and  insoluble 
in  acids  ;  the  hydrate  resembles  ferric  hydrate,  and  dissolves  in 
acids,  yielding  red  solutions.  It  is  converted  into  molybdic  acid  by 
strong  nitric  acid. 

Trioxide  M0O3.— To  obtain  this  oxide  (commonly  called  Molyhdic 
acid)  native  molybdenum  sulphide  is  roasted,  at  a  red  heat,  in  an 
open  vessel,  and  the  impivre  molybdic  trioxide  thence  resulting  is 
dissolved  in  ammonia.  The  filtered  solution  is  evaporated  to  dryness, 
and  the  salt  is  taken  up  by  water  and  puriiied  by  crystallisation. 
It  is.  lastly,  decomposed  by  heat,  and  the  ammonia  expelled.  The 
trioxide  may  also  be  prepared  by  decomposing  native  lead  molybdate 
with  sulphuric  acid.  It  is  a  white  crystalline  powder,  fusible  at  a 
red  heat,  aud  slightly  soluble  in  water.  The  solution  contains 
molyhdic  acid,  but  this  acid,  or  hydrate,  is  not  known  in  the  solid 
state.  The  trioxide  is  easily  dissolved  by  alkalis,  and  forms  two  series 
of  salts,  viz.,  normal  or  neutral  mohjbdates,  RgMoO^,  or  RjO-^^oOs' 
and  anhydromolyhdates,  or  himolybdates  E2M0O4.M0O3,  or  B2O.2M0O3, 
the  symbol  R  denoting  a  univalent  metal.  The  neutral  molybdates 
of  the  alkali-metals  are  easily  soluble  in  water,  and  their  solutions 
yield,  with  the  stronger  acids,  a  precipitate,  either  of  a  less  soluble 
bimolybda'te,  or  of  the  anhydi-ous  trioxide.  The  other  molybdates 
are  insoluble,  and  are  obtained  by  precipitation.  Lead  Molyhdate, 
PbMoO^,  occurs  native  in  yeUow  quadratic  plates  and  octohedrons. 

Sulphides. — -Molybdenum  forms  three  sulphides,  MoS,,  M0S3,  and 
M0S4,  the  last  two  of  which  are  acid  sulphides,  fomdng  sidphur-salts. 
The  disulphide,  or  Molyhdic  sulphide,  MoSg,  occurs  native,  as  molybdenite 
in  crystallo-laminar  masses,  or  tabular  crystals,  having  a  strong 
metallic  lustre  and  lead-grey  colour,  and  forming  a  grey  streak 
on  paper,  like  plumbago.  The  same  compound  is  produced  arti- 
ficially by  heating  either  of  the  higher  sulphides,  or  by  igniting  the 
trioxide  with  sulphur.  When  roasted  in  contact  with  the  air,  it  is 
converted  into  trioxide. 

The  trisulphide,  M0S3,  commonly  called  Sulphoriiolyhdic  acid,^  is 
obtained  by  passing  hydi'ogen  sulpliide  into  a  concentrated  solution 
of  an  alkaline  molybdate,  and  precipitating  with  an  acid.  It  is  a 
black-brown  powder,  which  is  dissolved  slowly  by  alkalis,  more 
easily  by  alkaline  sulphides  and  sulphydi'ates,  forming  sulphur 
salts  called  Sulphomolyhdates.  Most  of  these  salts  have  the  composi- 
tion R2M0S4,  or  R2S.M0S3,  analogous  to  that  of  the  molybdates. 
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The  sulpho-molybdates  of  the  alkali-metals,  alkaline  earth-metals, 
and  magnesium,  are  soluble  in  \vater,  forming  solutions  of  a  line  red 
coloiu" ;  the  rest  are  insoluble. 

Tetrasulphide,  MoS^. — This  is  also  an  acid  sulphide,  forming  salts 
called  persidphomolybdates,  the  general  formula  of  which  is  EgMoSg, 
or  EgS.MoS^.  The  potassium  salt  is  obtained  by  boiling  the  sulpho- 
molybdate  with  molybdenvun  trisulphide. 

Molybdous  salts,  obtained  by  dissolving  molybdous  oxide  in 
acids,  are  opaque  and  almost  black.  They  yield,  with  hydrogen 
sulphide,  a  brown-black  precipitate  soluble  in  ammonium  sulphicle  ; 
with  alkalis  and  alkaline  carbonates,  a  brownish-black  precipitate  of 
molybdous  hydi-ate,  easily  soluble  in  acid  potassium  carbonate,  or  in 
ammonium  carbonate  ;  with  potassium  ferrocyanide ,  a  dark  brown 
precipitate  ;  with  sodium  phosphate,  a  white  precipitate. 

Solutions  of  molybdic  salts  have  a  reddish-brown  colour. 
When  heated  in  the  air,  they  have  a  tendency  to  become  blue  by 
oxidation.  In  contact  with  metallic  zinc,  they  first  blacken  and  then 
yield  a  black  precipitate  of  molybdous  hydrate.  Their  reactions  with 
alkalis,  hydrogen  sulphide,  &c.,  are  similar  to  those  of  molybdous 
salts  ;  but  the  precipitates  are  lighter  in  colour. 

Molyb dates  are  colourless  unless  they  contain  a  coloured  base. 
Solutions  of  the  alkaline  molybdates  yield  with  acids  a  precipitate 
of  molybdic  trioxide,  soluble  in  excess  of  the  precipitant.  They  are 
coloured  yellow  by  hydrogen  sulphide,  from  formation  of  a  sulpho- 
molybdate  of  the  alkaU-metal,  and  then  yield  with  acids  a  brown 
precipitate  of  molybdenum  trisulphide.  This  is  an  extremely 
delicate  test  for  molybdic  acid.  They  form  white  precipitates 
with  the  salts  of  the  earth-metals,  and  precipitates  of  various  colours 
with  salts  of  the  heavy  metals.  When  ortho-phosphoric  acid,  or  a 
liquid  containing  it,  is  added  to  the  solution  of  ammonium  molyb- 
date, together  with  an  excess  of  hydrochloric  acid,  the  liquid  turns 
yellow,  and  after  a  while  deposits  a  yellow  precipitate  of  molybdic 
trioxide,  combined  with  small  quantities  of  jDhosphoric  acid  and 
ammonia.  This  precipitate  is  soluble  in  ammonia  and  likewise  ia 
excess  of  the  phosphate.  The  reaction  is  therefore  especially 
adapted  for  the  detection  of  small  quantities  of  phosphoric  acid. 
The  pyrophosphates  and  metaphosphates  do  not  produce  the  yellow 
precipitate.    Arsenic  acid  gives  a  sinular  reaction. 

AH  the  oxides  of  molyljdenum  form,  with  horax,  in  the  outer 
blowpipe  flame,  a  bead  which  is  yellow  while  hot,  and  colourless 
on  cooling  ;  in  the  inner  flame,  a  dark  brown  bead,  which  is  opaque 
if  excess  of  inolybdenum  is  present.  By  long  continued  heating,  the 
molybdic  oxide  may  be  separated  in  dark  brown  flakes,  floating  in 
the  clear  yellow  glass.  With  phospihorus  salt  in  the  outer  flame,  all 
oxides  of  molybdenum  give  a  bead  which  is  greenish  while  hot,  and 
colourless  on  cooling  ;  m  the  inner  flame  a  clear  green  bead,  from 
which  molybdic  oxide  cannot  be  separated  by  contiaiued  heating. 
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CLASS  VII.— HEPTAD  METALS. 

Manganese,  as  abeady  observed,  is  the  only  known  metal  refer- 
able to  this  class,  and  it  is  more  conveniently  described  in  con- 
nection witli  the  iron  metals. 


CLASS  VIII.— GEOUP  I.— IRON  METALS. 


IRON. 

Atomic  weight,  56.    Symbol,  Fe  (Fermm). 

This  is  the  most  important  of  all  the  metals  :  there  are  few 
substances  to  which  it  yields  in  interest,  when  it  is  considered  how 
very  intimately  the  knowledge  of  its  properties  and  uses  is  connected 
with  human  civilisation. 

Metallic  iron  is  of  exceedingly  rare  occurrence  :  it  has  been  found 
at  Canaan,  in  Connecticut,  forming  a  vein  about  two  inches  thick 
in  mica-slate  ;  but  it  enters  into  the  composition  of  many  of  those 
extraordinary  stones  known  to  fall  from  the  air,  called  meteorites. 
Isolated  masses  of  soft  maleable  iron  also,  of  large  dimensions,  lie 
loose  upon  the  surface  of  the  earth  in  South  America  and  elsewhere, 
and  are  presumed  to  have  had  a  similar  origin :  these  latter,  in 
common  with  the  iron  of  the  undoubted  meteorites,  contain  nickeL 
In  an  oxidised  condition,  the  presence  of  iron  may  be  said  to  be 
universal :  it  constitutes  a  great  part  of  the  common  colouring 
matter  of  rocks  and  soils  ;  it  is  contained  in  plants,  and  forms  an 
essential  component  of  the  blood  of  the  animal  body.  It  is  also  very 
common  in  the  state  of  bisulphide.  Pure  iron  may  be  prepared, 
according  to  Mitscherlich,  by  introducing  into  a  Hessian  crucible 
4  parts  of  fine  iron  wire  cut  small,  and  1  part  of  black  iron  oxide. 
This  is  covered  with  a  mixture  of  white  sand,  lime,  and  potassium 
carbonate,  in  the  proportions  used  for  glass-making,  and  a  cover 
being  closely  applied,  the  crucible  is  exposed  to  a  very  high  degi'ee 
of  heat.  A  button  of  pure  metal  is  thus  obtained,  the  traces  of 
carbon  and  silicon  present  in  the  wu'e  having  been  removed  by  the 
oxygen  of  the  oxide. 

Pure  iron  has  a  white  colour  and  jjerfect  lustre  :  it  is  extremely 
soft  and  tough,  and  has  a  specific  gravity  of  7"8.  Its  crystalline 
form  is  probably  the  cube,  to  judge  from  appearances  occasionally 
exhibited.  In  good  bar-iron  or  wire,  a  distinct  fibrous  texture  may 
always  be  observed  when  the  metal  has  been  attacked  by  rusting  or 
by  the  application  of  an  acid,  and  iipon  the  perfection  of  this  irbre 
much  of  its  strength  and  value  depends.    Iron  is  the  most  tenacious 
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of  all  the  metals,  a  wu-e  j\  of  an  inch  in  diameter  bearing  a  weight 
of  60  lbs.  It  is  very  difficult  of  fvision,  and  before  becoming  liquid 
passes  through  a  soft  or  pasty  condition.  Pieces  of  h'on,  pressed  or 
hammered  together  in  this  state,  cohere  into  a  single  mass  :  the 
operation  is  termed  welding,  and  is  usually  performed  by  sprinkling 
a  little  sand  over  the  heated  metal,  which  combines  with  the 
superficial  film  of  oxide,  forming  a  fusible  silicate,  which  is  sub- 
sequently forced  out  from  between  the  pieces  of  iron  by  the  pressure 
applied  :  clean  surfaces  of  metal  are  thus  presented  to  each  other, 
and  union  takes  place  without  difficulty. 

Iron  does  not  o.^idise  in  dry  air  at  common  temperatiu-es  :  heated 
to  redness,  it  becomes  covered  with  a  scaly  coating  of  black  oxide, 
and  at  a  high  white  heat  burns  brilliantly,  producing  the  same 
substance.  In  oxygen  gas  the  combustion  occurs  with  still  greater 
ease.  The  finely  divided  spongy  metal,  prepared  by  reducing  the 
red  oxide  with  hydi-ogen  gas,  takes  fire  spontaneously  in  the  air. 
Pure  water,  free  fi-om  air  and  carbonic  acid,  does  not  tarnish  a 
surface  of  polished  iron,  but  the  combined  agency  of  free  oxygen 
and  moistiu-e  speedily  leads  to  the  production  of  rust,  which  is  a 
hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully 
promoted  by  the  presence  of  a  little  acid  vapour.  At  a  red  heat, 
iron  decomposes  water,  evolving  hydrogen,  and  passing  into  the 
l)lack  oxide.  Dilute  sulphuric  and  hydrochloric  acids  dissolve  it 
freely,  with  separation  of  hydrogen.  Iron  is  strongly  magnetic  up 
to  a  red  heat,  when  it  loses  all  traces  of  that  remarkable  property. 

Iron  forms  two  classes  of  compounds;  namely  the  ferrous  com- 
pounds, m  which  it  is  bivalent,  e.^r.,  FeClg,  PeO,  PeSO^,  &c.,  and 
the  ferric  compounds,  in  which  it  may  be  regarded  either  as 
trivalent  like  aluminium,  or  as  quadrivalent:  ferric  chloride,  for 
exaniple,  may  be  either  PeClg  or  FegClg^  =  ClgPe— FeClg ;  the  vapour- 
density  of  this  compound,  as  determined  by  Deville,  is  in  favour 
of  the  latter  formula. 

Chlorides. — The  dichloride,  or  Ferrous  chloride,  PeCl,,  is  formed 
by  transmitting  dry  hydrochloric  acid  gas  over  red-hot  metallic  iron, 
or  by  dissolving  iron  in  hydrochloric  acid.  The  latter  solution 
yields,  when  duly  concentrated,  green  crystals  of  the  hydrated 
dichloride,  PeCl2.4H20  ;  they  are  very  soluble  and  deliquescent,  and 
rapidly  oxidise  in  the  air. 

The  trichloride,  or  Ferric  chloride,  FegClg,  is  usually  prepared 
by  dissolving  ferric  oxide  in  hydrochloric  acid.  The  solution, 
evaporated  to  a  syrupy  consistence,  deposits  red  hydrated  crystals, 
which  are  very  soluble  in  water  and  alcohol.  It  forms  double  salts 
with  potassium  chloride  and  sal-ammoniac.  When  evaporated  to 
dryness  and  strongly  heated,  much  of  the  chloride  is  decomposed, 
yieldmg  sesquioxide  and  hydrochloric  acid ;  the  remainder  sublimes, 
and  afterwards  condenses  in  the  form  of  small  brilliant  red  crystals, 
which  deliquesce  rapidly.  Anhydrous  ferric  chloride  is  also  pro- 
duced by  the  action  of  chlorine  upon  the  heated  metal.    The  solution 
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of  ferric  chloride  is  capable  of  dissolving  a  large  excess  of  recently 
l^recipitated  ferric  hydrate,  by  which  it  acquires  a  much  darker 
colour. 

Iodides. — Ferrous  iodide,  Felg,  is  an  important  medicinal  pre- 
paration :  it  is  easily  made  by  digesting  iodine  with  water  and 
metallic  iron.  The  solution  is  pale-green,  and  yields,  on  evapora- 
tion, crystals  resembling  those  of  the  chloride,  which  rapidly  oxidise 
on  exposure  to  air.  It  is  best  preserved  in  solution  in  contact  with 
excess  of  ii'ou. — Ferric  iodide,  Fe2l|3,is  yellowish-red  and  soluble. 

Iron  Oxides  and  Oxysalts. — Three  oxides  of  iron  are  known, 
namely,  ferrous  oxide,  FeO,  and  ferric  oxide  FejOg,  analogous  to 
the  chlorides,  and  an  intermediate  oxide,  usually  called  magnetic 
iron  oxide,  containing  FegO^  or  FeO.FegOg.  A  trioxide,  Fe03,  is 
supposed  to  exist  in  a  class  of  salts  called  ferrates,  but  it  has  not 
been  isolated. 

Monoxide,  or  Ferrous  oxide,  FeO. — This  is  a  very  powerfid  base, 
neutralising  acids,  and  isomorphous  with  magnesia,  zinc  oxide,  &c. 
It  is  almost  unknown  in  the  separate  state,  from  its  extreme  prone- 
ness  to  absorb  oxygen  and  pass  iato  the  sesquioxide.  When  a 
ferrous  salt  is  mixed  with  caustic  alkali  or  ammonia,  a  bulky  whitish 
precipitate  of  ferrous  hydrate  falls,  which  becomes  nearly  black- 
when  boiled,  the  water  being  separated.  This  hydrate  changes  very 
rapidly  when  exposed  to  the  air,  becoming  green  and  ultimately  red- 
brown.  The  soluble  ferrous  salts  have  commonly  a  delicate  pale- 
green  colour  and  a  nauseous  metallic  taste. 

Sesquioxide,  or  Ferric  oxide,  FcjOg. — A  feeble  base,  isomorphous 
with  alumina.  It  occurs  native,  most  beautifully  crystallised,  as 
specular  iron  ore,  in  the  island  of  Elba,  and  elsewhere';  also  as  red 
and  brown  hconatite,  the  latter  beuig  a  hydrate.  It  is  artificially 
prepared  by  precij^itating  a  solution  of  ferric  sulphate  or  chloride 
with  excess  of  ammonia,  and  washing,  drying,  and  igniting  the 
yellowish-brown  hydrate  thus  produced :  fixed  alkali  must  not  be 
used  in  this  operation,  as  a  portion  is  retained  by  the  oxide.  In 
fine  powder,  this  oxide  has  a  full  red  colour,  and  is  used  as  a  pig- 
ment, being  prepared  for  the  purpose  by  calcination  of  ferrous  sul- 
phate; the  tint  varies  somewhat  with  the  temperature  to  which 
it  has  been  exposed.  The  oxide  is  unaltered  in  the  fire,  although 
easily  reduced  at  a  high  temperature  by  carbon  or  hydrogen.  It  dis- 
solves in  acids,  with  difiiculty  after  strong  ignition,  forming  a  series 
of  reddish  salts,  which  have  an  acid  reaction  and  an  astringent  taste. 
Ferric  oxide  is  not  acted  upon  by  the  magnet. 

Triferro-tetroxide,  Ferroso-ferric  oxide,  Fe30j  =  FeO.Fe203,  also 
called  black  iron  oxide,  magnetic  oxide,  and  loadstone,  a  natural  j^ro- 
duct,  one  of  the  most  vah;able  of  the  iron-ores,  often  found  in  regular 
octohedral  cry.stals,  which  are  magnetic.  It  may  be  prepared  by 
mixing  due  proportions  of  ferro  as  and  ferric  salts,  precipitating  them 
with  excess  of  alkali,  and  then  boiling  the  mixed  hydi-ates  ;  the 
latter  then  unite  to  a  black  sandy  substance,  consisting  of  minute 
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crystals  of  the  magnetic  oxide.  This  oxide  is  the  chief  product  of 
the  oxidation  of  iron  at  a  high  temperature  in  the  air  and  in  aqueous 
rapom-.   It  is  incapable  of  forming  definite  salts. 

Ferrates. — When  a  mixture  of  one  part  of  pure  ferric  oxide  and 
foiu-  parts  of  diy  nitre  is  heated  to  full  redness  for  an  horn*  in  a 
covered  crucible,  and  the  resid.ting  brown,  porous,  deliquescent  mass 
is  treated  when  cold  with  ice-cold  water,  a  deep  amethystine-red 
solution  of  potassimn  ferrate  is  obtained.  The  same  salt  may  be 
more  easily  prepared  by  passing  chlorine  gas  tkrough  a  strong  solu- 
tion of  potash  in  which  recently  precipitated  ferric  hydrate  is  sus- 
pended; it  is  then  deposited  as  a  black  powder,  which  may  be 
drained  upon  a  tile.  It  consists  of  KsFeO.  or  KgO.FeOg,  and  is 
therefore  analogous  in.  composition  to  the  sulphate  and  chromate  of 
potassium.  The  solution  of  this  salt  gradually  decomposes,  even  in 
the  cold,  and  rapidly  when  heated,  givtiig  off  oxygen  and  depositing 
sesquioxide.  The  solution  of  potassium  ferrate  gives  no  precipitate 
with  salts  of  calcium,  magnesium,  or  strontium,  but  when  mixed 
with  a  barium  salt,  it  yields  a  deep  crimson,  insoluble  barium  ferrate, 
BaFeO^  or  BaO.FeOg,  which  is  very  permanent.  Neither  the 
hydrogen-salt  or  ferric  acid,  H2Fe04,  nor  the  corresponding  anhydrous 
oxide,  FeOg,  is  known  in  the  separate  state. 

Ferrous  Sulphate,  FeS04.7H20  or  FeO.SOj.VHgO.— This 
beautiful  and  important  salt,  commonly  called  green  vitriol,  iron 
vitriol,  or  copperas,  may  be  obtained  by  dissolving  iron  in  dilute  sul- 
phuric acid  :  it  is  generally  prepared,  however,  and  on  a  very  large 
scale,  by  contact  of  air  and  moisture  with  common  iron  pyrites, 
which,  by  absorption  of  oxygen,  readily  furnishes  the  substance  in 
question.  _  Heaps  of  this  material  are  exposed  to  the  air  until  the 
decomposition  is  sufiBciently  advanced  :  the  salt  produced  is  then 
dissolved  out  by  water,  and  the  solution  made  to  crystallise.  It 
forms  large  green  crystals,  of  the  composition  above  stated,  which 
slowly  effloresce  and  oxidise  in  the  air :  it  is  soluble  in  about  twice 
its  weight  of  cold  water.  Crystals  containing  4  and  also  2  mole- 
cules of  water  have  been  obtained.  Ferrous  sulphate  forms  double 
salts  with  the  sulphates  of  potassium  and  ammonium,  containing 
FeK2(SO,)2.6H20  and  Fe(NH,)2(S04)2.6H20,  isomorphous  with  the 
corresponding  magnesium  salts. 

Ferric  Sulphate,  (Fe^Y'iSO^^  or  Fe^Og.SSOg,  is  prepared  bv 
adding  to  a  solution  of  the  ferrous  salt  exactly  one-half  as  much  sul- 
phuric acid  as  it  abeady  contains,  raising  the  liquid  to  the  boiling- 
point,  and  then  dropping  in  nitric  acid  until  the  solution  ceases  to 
blacken  by  such  addition.  The  red  liquid  thus  obtained  fm-nishes, 
on  evaporation  to  dryness,  a  buff-coloured  amorphous  mass,  which 
dissolves  very  slowly  when  put  into  water.  With  the  sulphates  of 
potassium  and  ammonium,  this  salt  yields  compounds  having  the 
lorm  and  constitution  of  alums ;  the  potassium  salt,  for  example, 
has  the  composition  Fe"'K(S04)3l2H20.   The  ciystals  are  nearly  des- 


490 


IRON  METALS. 


titute  of  coloiir  ;  they  are  decomposed  by  water,  and  sometimes  by 
long  keeping  in  the  dry  state.  These  salts  are  best  prepared  by  ex- 
posing to  spontaneous  evaporation  a  solution  of  ferric  sulphate  to 
which  potassium  or  ammonium  sulphate  has  been  added. 

Ferrous  Nitrate,  Fe(N03)2. — When  dilute  cold  nitric  acid  is 
made  to  act  to  saturation  upon  iron  monosuljjhide,  and  the  solution 
is  evaporated  in  a  vacuum,  pale-green  and  very  soluble  crystals  of 
ferrous  nitrate  are  obtained,  which  are  very  subject  to  alteration. 
Ferric  nitrate  is  readily  formed  by  poui'ing  nitric  acid,  slightly 
diluted,  upon  iron:  it  is  a  deep-red  liquid,  apt  to  deposit  an  in- 
soluble basic  salt,  and  is  used  in  dyeing. 

Ferrous  Carbonate,  FeCO^  or  FeO.COg. — The  whitish  precipi- 
tate obtained  by  mixing  solutions  of  ferrous  salt  and  alkaline 
carbonate  :  it  cannot  be  washed  and  dried  without  losing  carbonic 
acid  and  absorbing  oxygen.  This  substance  occurs  in  natm-e  as 
spathose  iron  ore,  or  iron  spar,  associated  with  variable  quantities  of 
calcium  and  magnesium  carbonates  ;  also  in  the  common  clay  iron- 
stone, from  which  nearly  all  the  British  iron  is  made.  It  is  often 
foimd  in  mineral  waters,  being  soluble  in  excess  of  carbonic  acid : 
such  waters  are  known  by  the  rusty  matter  they  deposit  on  exposure 
to  the  air.    No  ferric  carbonate  is  known. 

The  phosphates  of  iron  are  aU  insoluble. 

Iron  Sulphides. — Several  compoimds  of  iron  and  sulphur  are 
known  :  of  these  the  two  most  important  are  the  following.  The 
monosulphide,  or  ferrous  sulpihide,  FeS,  is  a  blackish  brittle  substance, 
attracted  by  the  magnet,  formed  by  heating  together  iron  and 
sulphur.  It  is  dissolved  by  dilute  acids,  with  evolution  of  sulphui'- 
etted  hydrogen  gas,  and  is  constantly  employed  for  that  purpose  in 
the  laboratory,  being  made  by  projectiag  into  a  red-hot  crucible  a 
mixture  of  2^  parts  of  sulphur  and  4  parts  of  iron  filings  or  borings 
of  cast  iron,  and  excluding  the  air  as  much  as  possible.  The  same 
substance  is  formed  when  a  bar  of  white-hot  iron  is  brought  in 
contact  with  sulphur.  The  bisulphide,  FeS2,  or  iron  pyrites,  is  a 
natural  product,  occurring  in  rocks  of  all  ages,  and  evidently  formed 
in  many  cases  by  the  gradual  deoxidation  of  ferrous  srdphate  by 
organic  matter.  It  has  a  brass-yellow  colom-,  is  very  hard,  not 
attracted  by  the  magnet,  and  not  acted  upon  by  dilute  acids.  When 
it  is  exposed  to  heat,  sulphur  is  expelled,  and  an  intermediate 
sulphide,  FcgS^,  analogous  to  the  black  oxide,  is  produced.  This 
substance  also  occm-s  native,  imder  the  name  of  magnetic  pijrites. 
Iron  pyrites  is  the  material  now  chiefly  employed  for  the  manu- 
facture of  sulphuric  acid  ;  for  this  purpose  the  mineral  is  roasted  in 
a  current  of  air,  and  the  sulphui-ous  acid  formed  is  passed  into  the 
lead  chambers ;  the  residue  consists  of  h'on  oxide,  frequently  contam- 
ing  a  quantity  of  copper  large  enough  to  render  the  extraction  of 
that  metal  remunerative. 

Comj)ounds  of  iron  with  phosphorus,  carbon,  and  silicon  exist,  but 
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little  is  known  respecting  them  in  a  definite  state.  The  carbonide 
is  contained  in  cast  iron  and  in  steel,  to  which  it  communicates  ready- 
fusibility  ;  the  silicon-compound  is  also  found  in  cast  iron.  Phos- 
phorus is  a  very  hurtful  substance  in  bar  ii-ou,  as  it  renders  it  brittle 
or  cold-short. 


Eeactions  of  Iron  Salts. — Ferrous  salts  are  thus  distin- 
guished : 

Caustic  alkalis  and  ammonia  give  nearly  white  precipitates,  in- 
soluble in  excess  of  the  reagent,  rapidly  becoming  green,  and  ulti- 
mately brown,  by  exposure  to  air.  The  carbonates  of  potassium, 
sodium,  and  ammonium  throw  down  whitish  ferrous  carbonate,  also 
very  subject  to  change.  Hydrogen  sulphide  gives  no  precipitate,  but 
amimonium  sulphide  throws  down  black  ferrous  sulphide,  soluble  in 
dilute  acids.  Potassium  f err ocijanide  gives  a  nearly  white  precipitate, 
becoming  deep-blue  on  exposure  to  air ;  the  femcyanide  gives  at 
once  a  deep-blue  precipitate. 

Ferric  salts  are  thus  characterised  : 

Caustic  fixed  alkalis  and  ammonia  give  foxy-red  precipitates  of 
ferric  hydrate,  insoluble  in  excess. 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid 
escaping.  Hydrogen  sulphide  gives  a  nearly  white  precipitate  of 
sulphur,  and  reduces  the  sesquioxide  to  monoxide.  Ammonium 
sudphide  gives  a  black  precipitate,  slightly  soluble  in  excess.  Potas- 
sium Jerrocyanide  yields  Prussian  bl^e.  Tincture  or  infusion  of 
gall-nuts  strikes  intense  bluish-black  with  the  most  dilute  solutions 
of  ferric  salts. 


Iron  Manufacture.— This  most  important  branch  of  industry 
consists,  as  now  conducted,  of  two  distinct  parts— viz.,  the  produc- 
tion from  the  ore  of  a  fusible  carbonide  of  iron,  and  the  subsequent 
decomposition  of  the  carbonide,  and  its  conversion  into  pure  or 
malleable  iron. 

The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin 
beds  or  nodules  :  it  consists,  as  already  mentioned,  of  ferrous 
carbonate  mixed  with  clay  ,■  sometimes  lime  and  magnesia  are  also 
present  It  is  broken  in  pieces,  and  exposed  to  heat  in  a  furnace 
resembling  a  lime-kiln,  by  which  the  water  and  carbonic  acid  are 
expeUed,  and  the  ore  rendered  dark-coloured,  denser,  and  also 
magnetic  :  _  it  is  then  ready  for  reduction.  The  fiu-nace  in  which 
this  operation  is  performed  is  usually  of  very  large  dimensions,  50 
leet  or  more  m  height,  and  constructed  of  brickwork  with  great 
solidity,  the  mterior  being  Lined  with  excellent  fii'e-bricks  :  the 
shape  will  be  understood  from  the  section  shown  in  fig.  154.  The 
iumace  is  close  at  the  bottom,  the  fire  being  maintained  by  a 
powerful  artificial  blast  introduced  by  two  or  three  twycre-pipes,  as 
shown  m  the  section.  The  materials,  consisting  of  due  proportion 
of  coke  or  carbonised  coal,  roasted  ore,  and  limestone,  are  constantly 
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supplied  from  the  top,  the  operation  proceeding  continuously  night 
and  day,  often  for  years,  or  imtil  the  furnace  is  judged  to  require 

repair.  In  the  upper  part  of  the  fur- 
Fig.  154.  nace,  where  the  temperature  is  stQl 
very  high,  and  where  combustible 
gases  abound,  the  iron  of  the  ore  is 
probably  reduced  to  the  metallic  state, 
being  dissemLaated  through  the  earthy 
matter  of  the  ore.  As  the  whole  sinks 
down  and  attains  a  still  higher  degree 
of  heat,  the  iron  becomes  converted 
into  carbonide  by  cementation,  while 
the  silica  and  alumina  unite  with 
the  lime,  purposely  added,  to  a  kind 
of  glass  or  slag,  nearly  free  from  iron 
oxide.  The  carbonide  and  slag,  both 
in  a  melted  state,  reach  at  last  the 
bottom  of  the  furnace,  where  they 
arrange  themselves  in  the  order  of 
their  densities  :  the  slag  flows  out  at 
certaLa  apertures  contrived  for  the 
purpose,  and  the  iron  is  discharged 
from  time  to  time,  and  suffered  to 
rim  into  rude  moulds  of  sand  by 
opening  an  orifice  at  the  bottom  of  the  recipient,  previously  stopped 
with  clay.  Such  is  the  origbi  of  crude,  cast,  or  pig  iron,  of  which 
there  are  several  varieties,  distinguished  by  differences  of  colour, 
hardness,  and  composition,  and  known  by  the  names  of  greij,  black, 
and  white  iron.  The  first  is  for  most  purposes  the  best,  as  it  admits 
of  being  tiled  and  cut  with  perfect  ease.  The  black  and  grey  kinds 
probably  contaia  a  mechanical  admixture  of  graphite,  which  sepai-ates 
during  solidification. 

A  great  improvement  in  the  original  mode  of  conducting  the 
process  was  the  substitution  of  raw  coal  for  coke,  and  the  blowing  of 
hot  air  instead  of  cold  into  the  fui-nace.  This  is  efl'ected  by  causmg 
the  air,  on  leaving  the  blowing-machine,  to  circulate  through  a 
system  of  red-hot  iron  pipes,  until  its  temperature  becomes  high 
enough  to  melt  lead.  This  alteration  eftects  a  prodigious  saving  in 
fuel,  without  injury  to  the  quality  of  the  product. 

The  conversion  of  cast  into  bar  iron  is  effected  chiefly  by  an  opera- 
tion called  puddling,  previous  to  which,  however,  it  sonietiuies  under- 
goes a  process  called  refining,  which  consists  in  remelting  it,  in  contact 
with  the  fuel,  in  small  low  furnaces  called  refineries,  while  air  is 
blown  over  its  surface  by  means  of  twyeres.  The  effect  of  this  opera- 
tion is  to  deprive  the  iron  of  a  great  pai-t  of  the  carbon  and  silicon 
associated  with  it.  The  metal  thus  purified  is  run  out  into  a 
trench,  and  suddenly  cooled,  by  which  it  becomes  white,  crystalline, 
and  exceedingly  hai'd :  in  this  state  it  is  called  fine  imtal.  The 
puddling  process  is  conducted  in  an  ordinary  reverberatory  furnace, 
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into  which  the  charge  of  crude  or  of  fine  metal  is  introduced  by  a  side 
aperture.  This  is  speedily  melted  by  the  flame,  and  its  suiface  covered 
with  a  crust  or  oxide.  The  workman  then,  by  the  aid  of  an  iron  tool, 
diligently  stii's  the  melted  mass,  so  as  intimately  to  mix  the  oxide 
with  the  metal ;  he  now  and  then  also  thi-ows  in  a  little  water, 
mth  the  view  of  promoting  more  rapid  oxidation.  Small  jets  of 
blue  flame  soon  appear  upon  the  surface  of  the  iron,  and  the  latter, 
after  a  time,  begins  to  lose  its  fluidity,  and  acquires,  in  succession,  a 
pasty  and  a  granular  condition.  At  this  point  the  fire  is  strongly 
lu-ged,  the  sandy  particles  once  more  cohere,  and  the  contents  of  the 
fui'nace  now  admit  of  being  formed  into  several  large  balls  or 
masses,  which  are  then  withdi-awn,  and  placed  under  an  immense 
hammer,  moved  by  machinery,  by  which  each  becomes  quickly 
fashioned  into  a  rude  bar.  This  is  reheated,  and  passed  between 
grooved  cast-iron  rollers,  and  drawn  out  into  a  long  bar  or  rod. 
To  make  the  best  iron,  the  bar  is  cut  iato  a  number  of  pieces,  which 
are  afterwards  piled  or  bound  together,  again  raised  to  a  welding 
heat,  and  hammered  or  roUed  into  a  single  bar ;  and  this  process  of 
piling  or  fagoting  is  sometimes  twice  or  thrice  repeated,  the  iron 
becoming  greatly  improved  thereby. 

The  general  nature  of  the  change  in  the  puddling  furnace  is  not 
difficult  to  explain.  Cast  iron  consists  essentially  of  iron  in  com- 
bination with  carbon  and  silicon.  When  strongly  heated  with 
iron  oxide,  those  compounds  undergo  decomposition,  the  carbon  and 
silicon  becoming  oxidised  at  the  expense  of  the  oxygen  of  the 
oxide.  _  As  this  change  takes  place,  the  metal  gradually  loses  its 
fusibility,  but  retains  a  certain  degree  of  adhesiveness,  so  that  when 
at  last  it  comes  imder  the  tilt-hammer,  or  between  the  rollers,  the 
particles  of  iron  become  aggluthiated  into  a  solid  mass,  while  the 
readily  fusible  sihcate  of  the  oxide  is  squeezed  out  and  separated. 

All  these  processes  are,  ki  Great  Britain,  performed  with  coal  or 
coke ;  but  the  iron  obtained  is,  in  many  respects,  inferior  to  that 
made  in  Sweden  and  Russia  from  the  magnetic  oxide,  by  the  use  of 
wood  charcoal— a  fuel  too  dear  to  be  extensively  employed  in 
England.    Plate  iron  is,  however,  sometimes  made  with  charcoal. 

A  method  of  producing  malleable  ii-on  directly  from  the  ore  has 
been  invented  by  C.  W.  Siemens.*  The  furnace  consists  of  a  rotatory 
iron  cyhnder,  which,  by  means  of  wheel-gearing,  may  be  made  to 
revolve  either  four  or  five  times  or  from  60  to  80  times  in  an  hour. 
The  ore  to  be  smelted  is  broken  into  fragments  not  exceeding  the 
size  of  peas  or  beans ;  and  to  it  is  added  bme  or  other  fluxing 
material,  in  such  proportion  that  the  gangue  contained  in  the  ore 
and  flux  combines  with  only  a  little  ferrous  oxide  into  basic  and 
fluid  slag.  If  the  ore  is  haematite,  or  contains  silica,  it  is  best  to 
add  alumma  in  the  shape  of  aluminous  iron  ore  ;  manganiferous 
iron  ore  may  also  be  added  with  advantage.    A  charge  of  about  20 


♦  Chera.  Soc.  Jour.,  1874,  p.  671;  Watts's  Dictionary  of  Chemistry,  2d 
ippl.,  p.  /OL  • 
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cwts.  of  ore  is  put  into  the  furnace  when  fully  heated,  while  it  is 
revolving  slowly.  In  about  forty  minutes  this  charge  of  ore  and 
fluxing  material  will  have  been  heated  to  bright  redness,  and  at 
this  time  fi'om  5  to  6  cwt.  of  small  coal  of  uniform  size  (not  larger 
than  nuts)  is  added  to  the  charge,  whilst  the  rotative  velocity  is 
iacreased  iu  order  to  accelerate  the  mixture  of  coal  and  ore.  A 
rapid  reaction  is  the  result :  the  ferric  oxide  being  reduced  to  mag- 
netic oxide  begins  to  fuse,  and  at  the  same  time  metallic  iron  is  pre- 
cipitated by  each  piece  of  carbon,  while  the  fluxing  materials  form 
a  fluid  slag  with  the  siliceous  gangue  of  the  ore.  The  slow  rotative 
action  is  then  agaia  resorted  to,  whereby  the  mass  is  turned  oyer 
and  over,  presenting  continually  new  surfaces  to  the  heated  lining 
and  to  the  flame  within  the  rotator. 

When  the  reduction  of  the  iron  ore  is  nearly  completed,  the 
rotator  is  stopped  in  the  proper  position  for  tapping  ofi'  the  fluid 
cinder  ;  after  this  the  quick  speed  is  imparted  to  the  rotator, 
whereby  the  loose  masses  of  iron  contained  in  it  are  rapidly  col- 
lected into  two  or  three  metallic  balls.  These  are  taken  out  and 
shingled  in  the  usual  way  of  consolidating  puddled  balls ;  the  fur- 
nace is  tapped  again,  and  is  ready  to  receive  another  charge  of  ore. 

Steel. — A  very  remarkable  and  most  useful  substance,  prepared 
by  heating  iron  in  contact  with  charcoal.  Bars  of  Swedish  iron  are 
imbedded  in  charcoal  powder,  contained  in  a  large  rectangular 
crucible  or  chest  of  some  substance  capable  of  resisting  the  fire,  and 
exposed  for  many- hours  to  a  full  red  heat.  The  iron  takes  up,  under 
these  circumstances,  from  1-3  to  17  per  cent,  of  carbon,  becoming 
harder,  and  at  the  same  time  fusible,  with  a  certain  diminution, 
however,  of  malleability.  The  active  agent  in  this  cementation 
process  is  probably  carbon  monoxide:  the  oxygen  of  the  air  in 
the  crucible  combines  with  the  carbon  to  form  that  substance,  which 
is  afterwards  decomposed  by  the  heated  iron,  one-haK  of  its  carbon 
being  abstracted  by  the  latter.  The  carbon  dioxide  thus  formed 
takes  up  an  additional  dose  of  carbon  from  the  charcoal,  and  again 
becomes  monoxide,  the  oxygen,  or  rather  the  carbon  dioxide,  acting 
as  a  carrier  between  the  charcoal  and  the  metal.  The  product  of 
this  operation  is  called  Mistered  steel,  from  the  blistered  and  rough 
appearance  of  the  bars:  the  texture  is  afterwards  improved  and 
equalised  by  welding  a  number  of  these  bars  together,  and  drawing 
the  whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asserted  that  nitrogen  is  necessary 
for  the  production  of  steel,  and  have,  in  fact,  attributed  to  its 
presence  the  peculiar  properties  of  this  material ;  others,  again,  have 
disputed  this  assertion,  and  believe  that  the  transformation  of  iron 
into  steel  depends  upon  the  assimilation  of  carbon  only  ;  experi- 
mentally, the  question  remains  undecided. 

Excellent  steel  is  obtained  by  fusing  grey  cast  iron  with  tungstic 
oxide ;  the  carbon  of  the  U'on  reduces  the  tungstic  oxide  to  tmigsten, 
which  forms  with  the  iron  an  alloy  possessing  the  properties  of  steel. 
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The  quantity  of  tungsten  thus  absorbed  by  the  iron  is  very  small 
and  some  chemists  attribute  the  properties  of  the  so-called  tuno' 
sten  steel  to  the  general  treatment  rather  than  to  the  presence  of 
timgsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone  fusion 
having  been  cast  into  ingot  moulds,  and  afterwards  hammered  •  of 
this  all  hne  cutting  instruments  are  made.    It  is  diificult  to  hv^e 
requmng  great  skill  and  care  on  the  part  of  the  operator.  "  ' 

Steel  may  also  be  made  directly  from  some  particular  varieties  of 
cast  iron,  as  that  from  spathose  iron  ore  containing  a  little  man- 
ganese. The  metal  is  retained,  in  a  melted  state,  on  the  hearth  of  a 
iuriiace,  while  a  stream  of  air  plays  upon  it,  and  causes  partial 
oxidation  :  the  oxide  produced  reacts,  as  before  stated,  on  the  carbon 
oi  the  iron,  and  withdraws  a-  portion  of  that  element  When 
a  proper  degree  of  stiffness  or  pastiness  is  observed  in  the  residual 
metal,  it  is  withdraAvn,  and  hammered  or  rolled  into  bars  The 
wootz,  or  native  steel  of  India,  is  probably  made  in  this  manner 
Annealed  cast  iron,  sometimes  called  run  steel,  is  now  much 
employed  as  a  substitute  for  the  more  costly  products  of  the  foro-e  - 
the  articles  when  cast,  are  imbedded  in  powdered  iron  ore,  or  some 
earthy  material,  and,  after  being  exposed  to  a  moderate  red  heat  for 
some  time,  are  allowed  to  cool  slowly,  by  which  a  very  great 
degree  of  softness  and  malleability  is  attained.  It  is  very  possible 
that  some  little  decarbonisation  may  take  place  durin^  this 
l^rocess.  ^  o 

Cast  steel  may  also  be  made  in  Siemens's  rotatory  furnace  above 
described,  the  balls  bemg  transferred  from  the  rotator  to  the  bath  of 
a  steel-meltmg  furnace  in  their  heated  condition,  and  without  sub- 
lectmg  them  to  previous  consolidation  under  a  hammer  or  shino-lino. 
machme.  It  is  possible,  however,  to  push  the  operation  withiS  the 
rotator  to  the  point  of  obtaming  cast  steel.  For  this  purpose  the 
relative  amount  of  carbonaceous  matter  is  somewhat  increased  in 
the  first  instance,  so  that  the  ball,  if  shingled,  would  be  of  the 
nature  of  puddled  steel,  or  even  contain  some  carbon  mechanically 

Bessemer  steel  is.produced  by  forcing  atmospheric  air  into  melted 
cast  iron.  The  carbon  bemg  oxidised  more  readily  than  the  ii-on 
it  i,s  converted  into  carbon  monoxide,  which  escapes  in  a  sufficiently 
heated  state  to  take  fire  on  coming  in  contact  with  atmospheric  aii' 
Considerable  heat  is  generated  by  the  oxidation  of  the  carbon  and 
iron  so  that  the  temperature  is  kept  above  the  melting-point  of 
steel  during  the  whole  of  the  operation.  When  the  decarburation 
has  been  earned  far  enough,  tfie  cun'ent  of  air  is  stopped,  and  a 
°^  ^^'-^  P'?  containing  a  large  amount  of 

manganese,  is  dropped  into  the  liquid  metal.    This  serves  to  facili- 
tate the  separation  of  any  gas  retained  with  the  melted  metal 
which,  after  a  few  minutes'  rest,  is  rim  into  ingot  moulds. 
_  The  most  remarkable  property  of  steel  is  that  of  becoming  exceed- 
mgly  hard  when  quickly  cooled.    When  heated  to  redness,  and 
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suddenly  quenclied  in  cold  water,  steel,  in  fact,  iDeconies  capable  of 
scratchiiig  glass  with  facility  :  if  reheated  to  redness,  and  once  more 
left  to  cool  slowly,  it  again  Ijecomes  nearly  as  soft  as  ordinary  iron ; 
and  between  these  two  conditions,  any  required  degree  of  hardness 
may  be  attained.  The  articles,  forged  into  shape,  are  first  hardened 
in  the  manner  described ;  they  are  then  tempered,  or  let  down  by  ex- 
posm-e  to  a  proper  degree  of  annealing  heat,  which  is  often  judged 
of  by  the  colour  of  the  thin  fibn  of  oxide  which  appears  on  the 
polished  surface.  Thus,  a  temperature  of  about  221°  C.  (430°  F.), 
indicated  by  a  faint  straw  colour,  gives  the  proper  temper  for  razors  : 
that  for  scissors,  penknives,  &c.,  is  comprised  between  243°  C.  and 
254°  C.  (470-490°  F.),  and  is  indicated  by  a  full  yellow  or  brown 
tint.  Swords  and  watchsprings  require  to  be  softer  and  more 
elastic,  and  must  be  heated  to  288°  or  293°  C.  (550-560°  F.),  or  untH 
the  surface  becomes  deep  blue.  Attention  to  these  colours  has  now 
become  of  less  importance,  as  metal  baths  are  often  substituted  for 
the  open  fixe  in  this  operation. 


NICKEL. 

Atomic  weight,  58  '8.    Symbol,  Ni. 

Nickel  is  found  in  tolerable  abundance  in  some  of  the  metal-bear- 
ing vehis  of  the  Saxon  moimtains,  in  Westphalia,  Hessia,  Hungary, 
and  Sweden,  chiefly  as  arsenide,  thekujofernickel  of  mineralogists,  so 
called  from  its  yellowish-red  colour.  The  word  nickel  is  a  term  of 
detraction,  having  been  applied  by  the  old  German  miners  to  what 
was  looked  upon  as  a  kind  of  false  copper  ore. 

The  artificial,  or  perhaps  rather  merely  fused  product,  called  qieiss, 
is  nearly  the  same  substance,  and  may  be  employed  as  a  source  of 
the  nickel  salts.  This  metal  is  found  in  meteoric  iron,  as  already 
mentioned. 

Nickel  is  easily  prepared  by  exposing  the  oxalate  to  a  high  white 
heat,  in  a  crucible  lined  with  charcoal,  or  by  reducing  one  of  the 
oxides  by  means  of  hydrogen  at  a  high  temperatui-e.  It  is  a  white, 
malleable  metal,  having  a  density  of  8-8,  a  high  melting-point,  and 
a  less  degree  of  oxidability  than  iron,  since  it  is  but  little  attacked 
by  dilute  acids.  Nickel  is  strongly  magnetic,  but  loses  this  property 
when  heated  to  350°. 

Nickel  Chloride,  NiClg. — This  compound  is  easily  prepared  by 
dissolving  oxide  or  carbonate  of  nickel  in  hydrochloric  acid.  A 
green  solution  is  obtained,  which  furnishes  crystals  of  the  same 
colour  containing  water.  When  rendered  anhydrous  by  heat,  the 
chloride  is  yeUow,  unless  it  contains  cobalt,  in  which  case  it  has 
a  tint  of  green. 
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Nickel  Oxides  and  Oxysalts. — Nickel  forms  two  oxides  analo- 
gous to  the  two  principal  oxides  of  iron. 

The  monoxide,  NiO,  is  prepared  by  heating  the  nitrate  to  redness, 
or  by  precipitating  a  soluble  nickel  salt  with  caustic  potash,  and 
washing,  cbying,  and  igniting  the  apple-green  hydrated  oxide 
thrown  down.  It  is  an  ashy-grey  powder,  freely  soluble  in  acids, 
which  it  completely  neutralises,  forming  salts  isomorphous  with 
those  of  magnesium  and  the  other  members  of  the  same  group. 
Nickel  salts,  when  hydrated,  have  usually  a  beautiful  emerald-green 
coloiu' ;  in  the  aidiycli-ous  state  they  are  yellow. 

The  sesquioxide,  iSIiaOg,  is  a  black  insoluble  substance,  prepared  by 
passing  chlorine  through  the  hydrated  monoxide  suspended  in 
water  ;  nickel  chloride  is  then  formed,  and  the  oxygen  of  the  oxide 
decomposed  is  transferred  to  a  second  portion.  It  is  also  produced 
when  a  salt  of  nickel  is  mixed  with  a  solution  of  bleaching-powder. 
The  sesquioxide  is  decomposed  by  heat,  and  evolves  chlorine  when 
treated  with  hot  hydrochloric  acid. 

Nickel  Sulphate,  NiSO^.VHgO.— This  is  the  most  important  of 
the  nickel  salts.  It  forms  green  prismatic  crystals,  which  require 
3  parts  of  cold  water  for  solution.  Crystals  with  six  molecules  of 
water  have  also  been  obtained.  It  forms  with  the  sulphates  of 
potassiiim  and  ammonium  beaiitiful  double  salts,  ]SriK2(S04)2.6H20, 
and  Ni(NH^)2(S04)2.6H20,  isomorphous  with  the  corresponding 
magnesium  salts. 

_  When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  of 
nickel,  a  pale  bluish -green  precipitate  of  oxalate  falls  after  some 
time,  very  little  nickel  remaining  in  solution.  The  oxalate  can  thus 
be  obtained  for  preparing  the  metal. 

Nickel  Carbonate,  NiCOg.— When  solutions  of  nickel  sulphate 
or  chloride  and  of  sodium  carbonate  are  mixed,  a  pale-green  precipi- 
tate falls,  which  is  a  combination  of  nickel  carbonate  and  hydrate. 
It  is  readily  decomposed  by  heat. 

Pure  nickel-salts  are  conveniently  prepared  on  the  small  scale 
from  crude  speiss  or  kupfernickel  by  the  following  process  :— The 
mineral  is  broken  into  small  fragments,  mixed  with  from  one-fourth 
to  half  Its  weight  of  iron  filings,  and  the  whole  dissolved  in  nitro- 
muriatic  acid.  The  solution  is  gently  evaporated  to  dryness,  the 
residue  treated  with  boiling  water,  and  the  insoluble  iron  arsenate 
removed  by  a  filter.  The  liquid  is  then  acidulated  with  hycbochloric 
acid,  treated  with  hydrogen  sulphide  in  excess,  which  precipitates 
the  copper,  and,  after  filtration,  boiled  with  a  little  nitric  acid  to 
brmg  back  the  iron  to  the  state  of  sesquioxide.  To  the  cold  and 
largely  diluted  lir^uid  solution,  acid  sodium  carbonate  is  gradually 
added  by  which  the  ferric  oxide  may  be  completely  separated  without 
loss  ot  nickel-salt.  Lastly,  the  filtered  solution,  boiled  with  sodium 
carbonate  m  excess,  yields  an  abundant  pale  green  precipitate  of 
nickel  carbonate,  from  which  all  the  other  compounds  may  be  pre- 
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The  precipitate  thus  obtained  may  still,  however,  contaLa  cobalt, 
the  separation  of  which  is  not  very  easy.  Several  methods  of 
sejjarating  these  metals  have  been  proposed,  the  best  of  which  is 
perhaps  that  of  H.  Eose.  The  mixed  oxides  or  carbonates  being 
dissolved  in  excess  of  hydrochloric  acid,  the  solution,  largely  diluted 
with  water,  is  supersaturated  with  chlorine  gas,  whereby  the  cobalt 
monoxide  is  converted  into  sesquioxide,  while  the  nickel  monoxide 
remains  unaltered.  The  liquid  is  next  mixed  with  excess  of  recently 
precipitated  barium  carbonate,  left  to  stand  for  twelve  to  eighteen 
hours,  and  shaken  up  from  time  to  time.  The  whole  of  the  cobalt 
is  thereby  thrown  down  as  sesquioxide,  while  the  nickel  remains  in 
solution,  and  may  be  precipitated  as  hydrate  by  potash,  after  the 
barium  also  contained  in  the  solution  has  been  removed  by  precipi- 
tation with  sulphuric  acid.* 


Nickel-salts  are  well  characterised  by  their  behaviour  with  reagents. 

Cmistic  alkalis  give  a  pale  apjJe-green  precipitate  of  hydrate, 
insoluble  in  excess.  Ammonia  affords  a  similar  iDrecipitate,  which 
is  soluble  in  excess,  with  deep  purplish-blue  colour.  Potassivm  and 
sodium  carbonates  give  pale-green  precipitates.  Ammonium  carbonate, 
a  similar  precipitate,  soluble  in  excess,  with  blue  colour.  Potassium 
ferrocyanide  gives  a  greenish-white  precipitate.  Potassium  cyanide 
produces  a  green  precipitate,  which  dissolves  in  an  excess  of  the 
precipitant  to  an  amber-coloured  liquid,  and  is  reprecipitated  by 
addition  of  hydrochloric  acid.  Hydrogen  sulphide  occasions  no 
change,  if  the  nickel  be  in  combination  with  a  strong  acid. 
Ammonium  sulphide  produces  a  black  precipitate  of  nickel  sulphide, 
which  dissolves  slightly  in  excess  of  the  precipitant,  with  dark- 
brown  colour.  Nickel  sulphide  when  once  precipitated,  is  insoluble 
in  dilute  hydrochloric  acid;  it  is  soluble  in  nitromuxiatic  and  in  hot 
nitric  acid. 


The  chief  use  of  nickel  in  the  arts  is  in  the  preparation  of  a  white 
alloy,  sometimes  called  German  silver,  made  by  melting  together 
100  parts  of  copper,  16  of  zinc,  and  40  of  nickel.  This  alloy  is  very 
malleable,  and  takes  a  high  polish. 

Another  application,  of  recent  introduction,  is  the  electrolytic 
deposition  of  nickel  on  ii-on,  steel,  copper,  brass,  and  other  metals, 
from  a  solution  of  nickel  sulphate  or  the  double  sulphate  or 
chloride  of  nickel  and  ammonium,  or  nickel  and  potassium.  The 
nickel  is  deposited  in  dense  layers,  capable  of  receiving  a  good 
polish. 

*  For  other  modes  of  separating  nickel  and  cobalt,  see  Gmelin's  Handbook, 
vol.  V.  pp.  355-360  ;  and  Watts's  Dictionary  of  Chemistry,  vol.  i.  1046. 
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COBALT. 

Atomic  weight,  58  "8.    Symbol,  Co. 

This  substance  bears,  in  many  respects,  a  close  resemblance  to 
nickel :  it  is  often  associated  with  the  latter  in  nature,  and  may  be 
obtained  from  its  compounds  by  similar  means. 

A  cobalt  salt  fi-ee  from  nickel  may  be  prepared  by  Rose's  process 
just  described.  The  precipitate,  consisting  of  cobalt  sesquioxide 
mixed  with  barium  carbonate,  is  boiled  with  hydrochloric  acid  to 
reduce  the  cobalt  sesquioxide  to  monoxide,  and  dissolve  It  as  chloride 
together  with  the  barium.  The  latter  metal  is  then  precipitated  by 
sulphuric  acid,  and  from  the  filtered  liquid  the  cobalt  may  be 
precipitated  as  hydrate  by  potash.  A  solution  of  cobalt  free  from 
the  nickel  may  also  be  obtained  by  precipitating  the  mixed  solution 
with  oxalic  acid :  the  whole  of  the  nickel  is  thereby  precipitated, 
together  with  a  small  portion  of  the  cobalt,  leaving  pure  cobalt  in 
solution. 

Cobalt  is  a  white,  brittle,  very  tenacious  metal,  having  a  specific 
gravity  of  8-5,  and  a  very  high  melting  point.  It  is  unchanged  in 
the  air,  and  but  feebly  attacked  by  dilute  hydrochloric  and  sulphuric 
acids.    It  is  strongly  magnetic. 

Cobalt  forms  two  classes  of  salts,  analogous  in  composition  to  the 
ferrous  and  ferric  salts  ;  but  the  cobaltic  salts,  in  which  the  metal  is 
apparently  trivalent,  are  very  unstable. 

Chlorides.— The  dichloride,  or  Gobaltous  chloride,  CoClg,  is  easily 
prepared  by  dissolving  the  oxide  in  hydrochloric  acid  ;  or  it  may  be 
prepared  directly  from  cobalt-glance,  the  native  arsenide,  by  a  process 
exactly  similar  to  that  described  in  the  case  of  nickel.  It  forms  a 
deep  rose-red  solution,  which,  when  sufficiently  strong,  deposits 
hydrated  crystals  of  the  same  colour ;  when  the  liquid  is  evaporated 
by  heat  to  a  very  small  bulk,  it  deposits  anhydrous  crystals,  which 
are  blue  :  these  latter  by  contact  with  water  agaia  dissolve  to  a  red 
liquid.  A  dilute  solution  of  cobalt  chloride  constitutes  the  well- 
known  blue  sympathetic  ink :  characters  written  on  paper  with  this 
liqmd  are  invisible,  from  their  paleness  of  colour,  until  the  salt  has 
been  rendered  anhydrous  by  exposure  to  heat,  when  the  letters 
appear  blue.  On  laying  it  aside,  moisture  is  absorbed,  and  the 
writing  once  moie  disappears.  Green  sympathetic  ink  is  a  mixture 
ot  the  chlorides  of  cobalt  and  nickel. 

The  trichloride,  or  Cobaltic  chloride,  CogCL,  is  obtained  in  solution 
by  disHolvmg  the  sesquioxide  in  hydrochloric  acid,  and  in  small 
quanti  ty  by  saturating  a  solution  of  the  dichloride  with  chlorine  gas. 

i^^i  1  ^  dark-brown  colour,  but  easily  decomposes,  giving 

oft  chlorine  and  leaving  the  rose-coloured  dichloride. 

Oxides  and  Oxysalts.— Cobalt  forms  two  oxides  analogous  to 
those  ot  nickel,  also  two  or  three  of  intermediate  composition,  but 
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not  very  well  defined.  The  monoxide,  or  cohaltous  oxide,  CoO,  is  a 
grey  powder,  very  soluble  in  acids,  and  is  a  strong  base,  isomorphous 
with  magnesia,  affording  salts  of  a  fine  red  tint.  It  is  prepared  by 
precipitating  cobaltous  sulphate  or  chloride  with  sodium  carbonate, 
and  washing,  drying,  and  igniting  the  precipitate.  When  the 
cobalt  solution  is  mixed  with  caustic  potash,  a  beautiful  blue 
precipitate  falls,  which,  when  heated,  becomes  violet,  and  at  length 
dii'ty  red,  from  absorption  of  oxygen  and  a  change  in  the  state  of 
hydration. 

The  sesquioxide,  or  Cobaltic  oxide,  C02O3,  is  a  black,  insoluble, 
neutral  powder,  obtained  by  mixing  solutions  of  cobalt  and  chloride 
of  lime.    It  dissolves  in  acids,  yielding  the  cobaltic  salts. 

Gobcdtoso-cohaltic  oxide,  C03O4,  analogous  to  the  magnetic  oxide  of 
iron,  is  formed  when  cobaltous  nitrate  or  oxalate,  or  hydrated 
cobaltic  oxide,  is  heated  in  contact  Math  the  air.  According  to 
Fr^my,  it  is  a  salifiable  base. 

Another  oxide,  of  acid  character,  is  said  to  be  obtained,  in  the 
form  of  a  potassium  salt,  by  fusing  the  monoxide  or  sesquioxide  with 
potassiuni  hydroxide.  A  crystalline  salt  is  thus  formed,  consisting, 
according  to  Schwarzenberg,  of  KgO.SCogO^.S  aq. 

Cobaltous  Sulphate,  C0SO4.7H2O. — This  salt  forms  red  crystals, 
requiiing  for  solution  24  parts  of  cold  water  :  they  are  identical 
in  form  with  those  of  magnesium  sulphate.  It  combines  with  the 
sulphates  of  potassium  and  amnioniimi,  forming  double  salts,  which 
contain,  as  usual,  6  molecules  of  water. 

A  solution  of  oxalic  acid  added  to  cobaltous  sulphate  occasions, 
after  some  time,  the  separation  of  nearly  the  whole  of  the  base  in 
the  state  of  oxalate. 

Cobaltous  Carbonate. — The  alkaline  carbonates  produce  in 
solutions  of  cobalt  a  pale  peach-blossom-coloured  precipitate  of  com- 
bined carbonate  and  hydrate,  containing  2CoC03.3CoH202-)-aq. 

Ammoniacal  Cobalt  compounds. — Cobaltous  salts,  ti'eated  wnth 
ammonia  in  a  vessel  protected  from  the  air,  unite  with  the  ammonia, 
forming  comj)ounds  which  may  be  called  ammonio-cobaltous 
salts.  Most  of  them  contain  6  molecules  of  ammonia  to  1  molecule 
of  the  cobalt-salt ;  thus  the  chloride  contains  CoClg.GNHg.aq.  ;  the 
nitrate,  Co(N03)26NH3.2  aq.  They  are  generally  crystallisable,  and 
of  a  rose-coloiu",  soluble  without  decomposition  in  ammonia,  but 
decomposed  by  water,  with  formation  of  a  basic  salt.  H.  Rose,  by 
treating  dry  cobalt  chloride  with  ammonia  gas,  obtained  the  com- 
pound C0CI2.4NH3 ;  and  in  like  manner  an  arumonio-sulphate  has 
been  formed  containing  C0SO4.6NH3. 

When  an  ammoniacal  solution  of  cobalt  is  exposed  to  the  aii', 
oxygen  is  absorbed,  the  liquid  tui-ns  brown,  and  new  salts  are 
formed,  containing  a  higher  oxide  of  cobalt  (either  CojOg,  or  CoOj),  and 
therefore  designated  generally  as  peroxidised  ammouio-cobalt 
salts.    Several  of  them,  containing  different  bases,  are  often  formed 
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at  the  same  time.  Most  of  the  peroxidised  ammonio-cobalt  salts  are 
composed  of  cobaltic  salts  united  with  two  or  more  molecules  of 
ammouia.  The  composition  ol  the  normal  salts  may  be  illustrated 
by  the  chlorides,  as  iii  the  following  table  : — 

Tetrammonio-cobaltic  chloride,  .  .  CoaClg .  4NH3 
Hexammonio-cobaltic  chloride,  .  .  CoaClg .  6NH3 
Octammonio-cobaltic  (or  fusco-cobaltic) 

chloride,  _  CogCle.  8NH3 

Decammonio-cobaltic  (roseo-  and  pur- 

piu'eo-cobaltic)  chloride,  .  .  .  CogClg .  IONH3 
Dodecammonio-cobaltic  (or  luteo-cobaltic) 

chloride,  CogClg .  12NH3  • 

The  formulfe  of  the  corresponding  normal  nitrates  are  deduced 
from  the  preceding  by  substituting  NO3  for  CI ;  those  of  the  sul- 
phates, oxalates,  and  other  bibasic  salts,  by  substituting  SO4,  C2O4, 
&c.,  for  Clg.  Thus  decammonio-cobaltic  sulphate  =  Co^(&0^)3.lO'NB.3. 
There  are  also  several  acid  and  basic  salts  of  the  same  ammonia- 
molecules.  Fiu-ther,  there  is  a  class  of  salts  containing  the  elements 
of  nitrogen  dioxide  or  nitrosyl,  NO,  in  addition  to  ammonia,  e.g., 
decammonio-nitroso-cobaltic  or  xantho-cohaltic  oxychloride,  CogCl^O. 
IONH3.N2O2.  Lastly,  Fri^my  has  obtained  ammoniacal  compoimds 
(oxycobaltic  salts)  containing  salts  of  cobalt  corresponding  with  the 
dioxide.* 


Cobaltous  salts  have  the  following  characters  : — 
Solution  of  potash  gives  a  blue  precipitate,  changing  by  heat  to 
violet  and  red.  Ammonich  gives  a  blue  precipitate,  soluble  -with 
difficulty  in  excess,  with  brownish-red  colour.  Sodium  carbonate 
forms  a  pink  precipitate.  Ammonium  carbonate,  a  similar  com- 
pound, soluble  in  excess.  Potassium  ferrocyanide  gives  a  greyish- 
green  precipitate.  Potassium  cyanide  forms  a  yellowish-brown  pre- 
cipitate, which  dissolves  in  an  excess  of  the  precipitant.  The  clear 
solution,  after  boiling,  may  be  mixed  with  hydrochloric  acid  with- 
out giving  a  precipitate.  Hydrocjen  sulphide  produces  no  change,  if 
the  cobalt  is  combined  with  a  strong  acid.  Ammonium  sulphide 
throvvs  down  black  sulphide  of  cobalt,  insoluble  in  dilute  hydro- 
<;hloric  acid. 

Cobaltic  salts,  formed  by  disssolving  cobaltic  oxide  in  acids, 
give,  with  potash,  a  dark-brown  precipitate  of  hydrated  cobaltic 
oxide  ;  with  ammonia,  a  brownish-red  solution ;  with  the  fixed 
alJcahne  carbonates,  a  green  solution,  which  deposits  a  small  quantity 
of  coljfiltic  oxide;  with  ammonium  sulphide  (after  saturation  of  the 
free  acid  by  ammonia),  a  black  precipitate. 

*  For  tlie  preparation  and  properties  of  all  these  salts,  see  Watts's 
Dictionary  of  Chemistry,  vol.  i.  10,51,  first  Supplement,  p.  479,  and  second 
Supplement,  p-  363.  Their  rational  fomiute  are  similar  to  those  of  the 
ammoniacal  platinum  salts  (p.  612). 
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Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  colom'  it 
oommimicates  to  glass  :  indeed,  this  is  a  character  by  which  its 
presence  may  be  most  easily  detected,  a  very  small  portion  of  the 
substance  to  be  examiaed  being  fused  with  borax  on  a  loop  of  pla- 
tinum wire  before  the  blowpipe ;  the  production  of  this  colour'  both 
in  the  inner  and  in  the  outer  flame  distiaguishes  cobalt  from 
all  other  metals. 

The  substance  called  smalt,  used  as  a  pigment,  consists  of  glass 
colovu-ed  by  cobalt :  it  is  thus  made :— The  cobalt  ore  is  roasted 
until  nearly  free  from  arsenic,  and  then  fused  with  a  mixture  of 
potassium  carbonate  and  quartz-sand,  free  from  oxide  of  iron.  Any 
nickel  that  may  happen  to  be  contained  in  the  ore  then  subsides  to 
the  bottom  of  the  crucible  as  arsenide :  this  is  the  S2)eiss  of  which 
mention  has  already  been  made.  The  glass,  when  complete,  is 
removed  and  poured  into  cold  water  ;  it  is  afterwards  ground  to 
powder  and  elutriated.  Cobalt  ultramarine  is  a  fine  blue  colour-  pre- 
pared by  mixiug  16  parts  of  freshly  precipitated  alumina  with  2  parts 
of  cobalt  phosphate  or  arsenate  :  this  mixture  is  dried  and  slowly 
heated  to  redness.  By  daylight  the  colour  is  pure  blue,  but  by 
artificial  light  it  is  violet.  A  similar  compound,  of  a  fuie  green 
colour,  is  formed  by  igniting  zinc  oxide  with  cobalt-salts.  Zaffer  is 
the  roasted  cobalt  ore  mixed  with  siliceous  sand,  and  reduced  to  fine 
powder  :  it  is  used  in  enamel  painting.  A  mixture  in  due  propor- 
tions of  the  oxides  of  cobalt,  manganese,  and  iron  is  used  for  giving 
a  fine  black  colour  to  glass. 


MANGANESE. 

Atomic  weight,  55.    Symbol,  Mn. 

Manganese  is  tolerably  abundant  in  nature  in  an  oxidised  state, 
forming,  or  entering  into  the  composition  of,  several  interesting 
minerals.  Traces  of  this  substance  are  very  frequently  found  in  the 
ashes  of  plants. 

MetalUc  manganese,  or  perhaps  strictly,  manganese  carbonide, 
may  be  prepared  by  the  following  process: — The  carbonate  is  cal- 
cined in  an  open  vessel,  by  which  it  becomes  converted  into  a  dense 
brown  powder :  this  is  intimately  mixed  with  a  little  charcoal,  and 
about  one-tenth  of  its  weight  of  anhydrous  borax.  A  charcoal 
crucible  is  next  prepared  by  filling  a  Hessian  or  Cornish  crucible 
with  moist  charcoal  powder,  inti-oduced  a  little  at  a  time,  and 
rammed  as  hard  as  possible.  A  smooth  cavity  is  then  scooped  in 
the  centre,  into  which  the  above  mentioned  mixtiire  is  compressed, 
and  covered  with  charcoal  powder.  The  lid  of  the  crucible  is  then 
fixed,  and  the  whole  arranged  in  a  very  powerful  wind-furnace. 
The  heat  is  slowly  raised  imtil  the  crucible  becomes  red-hot,  after 
which  it  is  urged  to  its  maximum  for  an  hour  or  more.    When  cold, 
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the  crucible  is  broken  up,  and  the  metallic  button  of  manganese 
extracted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  paire 
manganese  oxide  with  an  insufficient  quantity  of  sugar  charcoal  in 
a  crucible  made  of  caustic  lime.  Thus  prepared,  metallic  man- 
ganese possesses  a  reddish  lustre  like  bismuth  :  it  is  very  hard  and 
brittle,  and,  when  powdered,  decomposes  water,  even  at  the  lowest 
temperature.  Dilute  sulphuric  acid  dissolves  it  with  great  energy, 
evolving  hydrogen.  Brunner  produced  metallic  manganese  from 
manganese  and  sodium  fluoride  by  means  of  sodium.  The  metal 
obtained  by  this  process  scratches  glass  and  hardened  steel,  and  has 
a  specific  gravity  of  7"  13. 

Manganese  is  usually  regarded  as  a  metal  of  the  iron  group, 
inasmuch  as  it  forms  a  dichloride  and  trichloride  analogous  to  the 
iron  chlorides,  together  with  oxides  and  other  compounds  of  corre- 
sponding constitution.  On  the  other  hand,  it  is  said  to  form  a 
heptachloride,  MnCly,  according  to  which  it  should  be  regarded  as 
a  heptad  ;  and  it  eschibits  the  same  degree  of  quantivalence  in  the 
permanganates  (j^p.  267,  507). 

Manganese  Chlorides.— The  dichloride,  or  Manganous  chloride, 
may  be  prepared  in  a  state  of  purity  from  the  dark  brown  liquid 
residue  of  the  preparation  of  chlorine  from  manganese  dioxide  and 
hydrochloric  acid,  which  often  accumulates  in  the  laboratory  to  a 
considerable  extent  in  the  course  of  investigation  :  from  the  pure 
chloride,  the  carbonate  and  all  the  other  salts  can  be  conveniently 
obtained.  The  liquid  referred  to  consists  chiefly  of  the  mLxed  chlo- 
rides of  manganese  and  iron  :  it  is  filtered,  evaporated  to  perfect 
dryness,  and  the  residue  is  slowly  heated  to  dull  ignition  in  an 
earthen  vessel,  with  constant  stirring.  The  iron  chloride  is  thus 
either  volatilised,  or  converted  by  the  remaining  water  into  insoluble 
sesquioxide,  while  the  manganese  salt  is  unaffected.  On  treating 
the  greyish-looking  powder  thus  obtained  with  water,  the  manganese 
chloride  is  dissolved  out,  and  may  be  separated  by  filtration  from 
the  iron  oxide.  Should  a  trace  of  the  latter  yet  remain,  it  may  be 
got  rid  of  by  f.boiling  the  liquid  for  a  few  minutes  with  a  little 
manganese  carbonate.  The  solution  of  the  chloride  has  usually  a 
delicate  pink  colour,  which  becomes  very  manifest  when  the  salt 
is  evaporated  to  dryness.  A  strong  solution  deposits  rose-coloured 
tabular  crystals,  which  contain  4  molecules  of  water  ;  they  are  very 
soluble  and  deliquescent.  The  chloride  is  fusible  at  a  red-heat,  is 
decomposed  slightly  at  that  temperature  by  contact  with  air,  and 
is  dissolved  by  alcohol,  with  which  it  forms  a  crystallisable  com- 
pound. 

The  trichloride,  or  Manganic  chloride,  Mn^Clg,  is  formed  when 
precipitated  manganic  oxide  is  immersed  m  cold  concentrated 
hydrochloric  acid,  the  oxide  then  dissolving  quietly  without 
evolution  of  gas.  Heat  decomposes  the  trichloride  into  dichloride 
and  free  chlorine. 
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HeptacMoride,  MnCl^  (?). — When  potassium  permanganate  is  dis- 
solved in  strong  sulphuric  acid,  and  fused  sodium  chloride  is  added 
by  small  portions  at  a  time,  a  greenish-yeUow  gas  is  given  off,  which 
condenses  at  0°  to  a  greenish-brown  liquid.  This  compound,  when 
exposed  to  moist  air,  gives  off  fumes,  coloured  purple  by  perman- 
ganic acid,  and  is  instantly  decomposed  by  water  into  permanganic 
and  hydrochloric  acids.  It  is  regarded  by  Dumas,  who  discovered 
it,  as  the  heptachloride  of  manganese  ;  but  H.  Rose  regarded  it  as  an 
oxychloride,  MnCljOg,  analogous  to  chromic  oxychloride,  a  view 
which  is  in  accordance  with  its  mode  of  formation. 

Fluorides  of  manganese  have  been  formed  analogous  to  each  of  these 
chlorides. 

Manganese  Oxides  and  Oxysalts. — Manganese  forms  four 
well-detined  oxides,  constituted  as  follows  : — 

Monoxide,  or  Manganous  oxide,    ....  MnO 
Trimangano-tetroxide,  or  Manganoso-manganic  oxide,  MugO^ 
Sesquioxide,  or  Manganic  oxide,   .       .       .       .  MuqOj 
Dioxide  or  IPeroxide,  .....  MnOg. 

The  first  is  a  strong  base,  the  third  a  weak  base ;  the  second  and 
fourth  axe  neutral ;  the  second  may  be  regarded  as  a  compoxmd  of 
the  first  and  third,  MnO.MujOg.  There  are  also  several  oxides 
intermediate  between  the  monoxide  and  dioxide,  occurring  as  natural 
minerals  or  ores  of  manganese.  Manganese  likewise  forms  two  series 
of  oxygen-salts,  called  mancjanates  and  permanganates,  the  composi- 
tion of  which  may  be  illustrated  by  the  potassium  salts,  viz. : 

Potassium  manganate,       .       .       KoMn04  =K20.Mn03 
Potassium  permanganate,  .       .  K2Mn208=K20.Mn20j. 

The  oxides,  MnOj  and  MugOj.,  corresponding  with  these  salts,  are 
not  known. 

Monoxide,  or  Manganous  oxide,  MnO. — When  manganese  carbonate 
is  heated  in  a  stream  of  hydrogen  gas,  or  vapoiu"  of  water,  cai'bon 
dioxide  is  disengaged,  and  a  greenish  powder  left  behind,  which  is 
the  monoxide.  Prepared  at  a  dull  red  heat  only,  the  monoxide  is  so 
prone  to  absorb  oxygen  from  the  air,  that  it  cannot  be  removed  from 
the  tube  without  change ;  but  when  prepared  at  a  higher  tempera- 
ture, it  appears  more  stable.  This  oxide  is  a  very  powerful  base, 
being  isomorphous  with  magnesia  and  zinc  oxide ;  it  dissolves 
quietly  in  dilute  acids,  neutralising  them  completely,  and  forming 
salts,  which  have  often  a  beautiful  pink  colour.  When  alkalis  are 
added  to  solutions  of  these  compounds,  the  white  hydrated  oxide 
first  precipitated  speedily  becomes  brown  by  passing  into  a  higher 
state  of  oxidation. 

Sesquioxide,  or  Manganic  oxide,  MugOg. — This  compound  occurs  in 
nature  as  hraunite,  and  in  the  state  of  hydrate  as  manganite:  a 
very  beautiful  crystallised  variety  is  found  at  Ilefeld,  in  the  Hartz, 
It  is  produced  artificially,  by  exposing  the  hydrated  monoxide  to 
the  ail-,  and  forms  the  principal  part  of  the  residue  left  in  the  iron 
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retort  when  oxygen  gas  is  prepared  by  exposing  the  native  dioxide 
to  a  moderate  red-heat.  The  colour  of  the  sesquioxide  is  brown  or 
black,  according  to  its  origin  or  mode  of  preparation.  It  is  a  feeble 
base,  isomorphous  with  alumina  :  for  when  gently  heated  with 
diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which,  on  the 
addition  of  potassium  or  ammonium  sulphate,  deposits  octohedral 
crystals,  having  a  constitution  similar  to  that  of  common  aliun  : 
these  are,  however,  decomposed  by  water.  Strong  nitric  acid 
resolves  this  oxide  into  a  mixture  of  monoxide  and  dioxide,  the 
former  dissolving,  and  the  latter  remaining  unaltered  :  while  hot  oil 
of  vitriol  destroys  it  by  forming  manganous  sulphate  and  liberating 
oxygen  gas.  On  heating  it  with  hydrochloric  acid,  chlorine  is 
evolved,  as  with  the  dioxide,  but  in  smaller  amoimt. 

Dioxide,  MnO^^.— Peroxide  of  Manganese.  Pyrolusite. — The  most 
common  ore  of  manganese  ;  it  is  found  both  massive  and  crystallised. 
It  may  be  obtamed  artificially  in  the  anhydi-ous  state  by  gently 
calcining  the  nitrate,  or  in  combination  with  water,  by  adding 
solution  of  bleaching  powder  to  a  salt  of  the  monoxide.  Manganese 
dioxide  has  a  black  colour,  is  insoluble  in  water,  and  refuses  to  unite 
with  acids.  It  is  decomposed  by  hot  hydrochloric  acid  and  by  oil 
ot  vitriol  in  the  same  manner  as  the  sesquioxide.  It  unites  with  the 
stronger  bases,  potash,  lime,  &c.,  forming  salts  called  manganites, 
e.g.,  CaO.Mn02  CaMnOg,  which  are  produced  by  precipitating 
a  solution  of  a  manganous  salt  with  the  corresponding  base  in 
presence  of  an  oxidising  agent,  such  as  a  stream  of  air  or  oxygen  gas. 
buch  are  the  manganites  of  calcium  and  magnesium  formed  in 
Weldon's  process  for  the  recovery  of  manganese  dioxide  from  waste 
chlorine-hquors  (p.  187).  According  to  Fremy,*  manganese  dioxide 
likewise  acts  as  a  base,  forming  definite  salts  with  acids,  e.ci.,  a 
sulphate,  MnOg.SOg. 

The  proportion  of  real  dioxide  contained  in  a  commercial  sample 
ol  the  black  oxide  may  be  determined  as  follows  :— 60  grains  of  the 
mmeral,  reduced  to  very  fine  powder,  are  put  into  the  little  vessel 
employed  m  the  analysis  of  carbonates  (p.  352),  together  with  about 
hall  an  oimce  of  cold  water,  and  100  grains  of  strong  hydrochloric 
acid;  50  grams  of  crystaUised  oxalic  acid,  C^H^O^,  are  then  added, 
the  cork  carrying  the  drying  tube  is  fitted,  and  the  whole  quickly 
weighed  or  counterpoised.  The  application  of  a  gentle  heat  suffices 
to  determine  the  action ;  the  oxalic  acid  is  oxidised  into  water  and 
carbon  dioxide,  which  escapes  as  gas,  while  the  manganese  remains 
m  solution  as  manganous  chloride  : 

MnO^  +  C2H2O4  +  2HC1  =  MnClg  +  2H2O  +  2C0^. 
This  equation  shows  that  every  two  molecules  of  carbon  dioxide 
evolved  comspond  with  one  molecule  of  manganese  dioxide  decom- 
posed. Now  the  molecular  weight  of  this  oxide,  87,  is  so  nearly 
equal  twice  that  of  carbon  dioxide,  44,  that  the  loss  of  weight 
suilered  by  the  apparatus  when  the  reaction  has  become  complete, 
*  Comptes  RencUia,  Ixxxii.  1231 ;  Cliem.  Soc,  Journal,  1877,  i.  62. 
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and  the  residual  gas  has  been  driven  off  by  momentary  ebullition, 
may  be  taken  to  represent  the  quantity  of  real  dioxide  in  the  50  grains 
of  the  sample.  The  apparatus  of  Will  and  Fresenius,  described 
at  page  353,  may  also  be  used  with  advantage  in  this  process. 

Trimangano-tetroxide,  or  Bed  manganese  oxide,  MnjO^,  or  probably 
MnO.MngOg. — This  oxide  is  also  found  native,  as  hausmannite,  and 
is  produced  artificially  by  heating  the  dioxide  or  sesquioxide  to 
whiteness,  or  by  exposing  the  monoxide  or  carbonate  to  a  red  heat 
in  an  open  vessel.  It  is  a  reddish-brown  substance,  incapable  of 
forming  salts,  and  acted  upon  by  acids  in  the  same  manner  as  the 
two  other  oxides  already  described.  Borax  and  glass  in  the  fused 
state  dissolve  it,  and  acquire  the  colour  of  the  amethyst. 

Varvicite,  Mn.O-.HgO  or  MnO.SMnOg.HgO,  is  a  natural  mineral, 
discovered  by  Phillips  among  certain  specimens  of  manganese  ore 
from  Warwickshire  :  it  has  also  been  found  at  Ilefeld  in  the  Hartz. 
It  much  resembles  the  dioxide,  but  is  harder  and  more  brilliant. 
By  a  strong  heat,  varvicite  is  converted  into  red  oxide,  with  dis- 
engagement of  aqueous  vapour  and  oxygen  gas. 

Several  other  oxides,  intermediate  in  composition  between  the 
monoxide  and  dioxide,  also  occur  native  ;  they  are  probably  mere 
mixtures,  and  in  many  cases  the  monoxide  is  more  or  less  replaced 
by  the  corresponding  oxides  of  iron,  cobalt,  and  copper. 

Manganous  Sulphate,  MnSO^.YH^O  or  MnO.SO3.7H2O.— A 
beautiful  rose-coloured  and  very  soluble  salt,  isomorphous  with 
magnesium  sulphate.  It  is  prepared  on  the  large  scale  for  the  use 
(rf  the  dyer,  by  heating  in  a  close  vessel  manganese  dioxide  and 
coal,  and  dissolving  the  impure  monoxide  thus  obtained  in  sulphuric 
acid,  with  addition  of  a  little  hydrochloric  acid  towards  the  end  of 
the  process.  The  solution  is  evaporated  to  dryness,  and  again 
exposed  to  a  red  heat,  by  which  ferric  sulphate  is  decomposed. 
Water  then  dissolves  out  the  pure  manganese  sulphate,  leaving  ferric 
oxide  behind.  The  salt  is  used  to  produce  a  permanent  broMoi  dye, 
the  cloth  steeped  in  the  solution  being  afterwards  passed  through  a 
solution  of  bleaching  powder,  by  which  the  monoxide  is  changed  to 
insoluble  hydrate  of  the  dioxide.  Manganous  sulphate  sometimes 
crystallises  with  5  molecules  of  water.  It  forms  a  double  salt  with 
potassium  sulphate,  containing  MnK2(S04)2.6H20. 

Manganous  Carbonate,  MnCOj  or  MnO.COj. — Prepared  by 
precipitating  the  dicbloride  with  an  alkaline  carbonate.  It  is  an 
insoluble  white  powder,  sometimes  with  a  buff-coloured  tint. 
Exposed  to  heat,  it  loses  carbon  dioxide  and  absorbs  oxygen. 

Manganates. — ^Wlien  an  oxide  of  manganese  is  fused  with 
potash,  oxygen  is  taken  up  from  the  air,  and  a  deep  green  saUne 
mass  results,  which  contains  potassium  manganafe,  K2Mn04  or 
KgO.MnOj.  The  addition  of  potassium  nitrate  or  chlorate  facilitates 
the  reaction.  Water  dissolves  this  compound  very  readily,  and  the 
solution,  concentrated  by  evaporation  in  a  vacuum,  yields  green 
crystals.   Barium  manganate,  BaMnO^,  is  formed  in  a  similar 
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manner.  In  these  salts  manganese  is  sexvalent,  like  chromium  in 
the  chi'omates. 

Permanganates. — When  potassium  manganate,  free  from  any- 
great  excess  of  alkali,  is  put  into  a  large  quantity  of  water,  it  is 
resolved  into  hycli'ated  manganese  dioxide,  which  subsides,  and 
potassimi  'permanganate,  KjMnaOg  or  KjO.MnaO^,  which  remains  in 
solution,  forming  a  deep  pm-ple  liqrdd  :" 

SK^MnO^  +  2H2O  =  MnOg  +  K2Mn208  +  4KH0. 
This  efi'ect  is  accelerated  hy  heat.  The  changes  of  colour  accom- 
panying this  decomposition  are  very  remarkable,  and  have  pro- 
cured for  the  manganate  the  name  mineral  chameleon ;  excess  of 
alkali  hinders  the  reaction  in  some  measure,  by  conferring  greater 
stability  on  the  manganate.  Potassium  permanganate  is  easily 
prepared  on  a  considerable  scale.  Equal  parts  of  very  finely 
powdered  manganese  dioxide  and  potassium  chlorate  are  mixed  with 
rather  more  than  one  part  of  potassium  hydroxide  dissolved  in  a  little 
water,  and  the  whole  is  exposed,  after  evaporation  to  dryness,  to  a 
temperature  just  short  of  ignition.  The  mass  is  treated  with  hot 
water,  the  iusoluble  oxide  separated  by  decantation,  and  the  deep- 
piirple  liquid  concentrated  by  heat,  until  crystals  form  upon  its 
surface  :  it  is  then  left  to  cool.  The  crystals  have  a  dark  purple 
colour,  and  are  not  very  soluble  in  cold  water.  The  manganates 
and  permanganates  are  decomposed  by  contact  with  organic  matter  : 
the  former  are  said  to  be  isomorphous  with  the  sulphates,  and  the 
latter  with  the  perchlorates.  The  green  and  red  disinfecting  agents, 
known  as  Condy's  fluids,  are  alkaline  manganates  and  per- 
manganates. 

Eyclrocjen permanganate,  or  Permanganic  add,  HaMugOg,  is  obtained 
by  dissolving  potassium  permanganate  in  hydrogen  sulphate, 
H2SO4,  diluted  with  one  molecule  of  water,  and  distilling  the  solu- 
tion at  60°- 70°.  Permanganic  acid  then  passes  over  in  violet  vapours, 
and  condenses  to  a  greenish-black  liquid,  which  has  a  metallic 
lustre,  absorbs  moisture  greedily  from  the  air,  and  acts  as  a  most 
powerful  oxidising  agent,  instantly  setting  fire  to  paper  and  to  alcohol. 
In  this  acid  and  its  salts  the  manganese  is  septivalent  (p.  267). 

Manganous  salts  are  very  easily  distinguished  by  reagents.  The 
med  caustic  alkalis  and  ammonia  give  white  precipitates,  insoluble 
in  excess,  quickly  becoming  brown.  The  carbonates  of  the  fixed  alkalis 
and  carbonate  of  ammonia  give  white  precipitates,  but  little  subject 
^ ^na,ngQ,  an(l  insoluble  in  excess  of  carbonate  of  ammonia.  Hydrogen 
mlphide  gives  no  precipitate,  but  ammoniwrn  sulphide  throws  down 
inaoluble  flesh-coloured  sulphide  of  manganese,  which  is  very  char- 
acteristic.  Potassium  ferrocyanide  gives  a  white  precipitate. 

Manganese  is  also  easily  detected  by  the  blowpipe :  it  gives  with 
borax  an  amethyst-coloured  bead  in  the  outer  or  oxidising  flame,  and 
a  colourless  one  in  the  inner  flame.  Heated  upon  platinum  foU  with 
sodium  carbonate,  it  yields  a  green  mass  of  sodium  manganate. 
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CLASS  VIII.— GEOUP  II.— PLATINUM  METALS. 


PLATINUM. 

Atomic  weight,  197 '6.    Symbol,  Pt. 

Platinum,  palladium,  rhodium,  iridium,  ruthenivim,  and  osmium, 
form  a  group  of  metals,  allied  in  some  cases  by  properties  in  com- 
mon, and  stiU  more  closely  by  their  natural  association.  Crude  pla- 
tinum, a  native  alloy  of  platinum,  palladium,  rhodium,  iridium,  and 
a  little  iron,  occm'S  in  grains  and  rolled  masses,  sometimes  of 
tolerably  large  dimensions,  mixed  with  gravel  and  transported 
materials,  on  the  slope  of  the  Ural  Moimtains  in  Eussia,  also  in 
Brazil,  Ceylon,  and  a  few  other  places.  It  has  never  been  seen  in 
the  rock,  which,  however,  is  judged  from  the  accompanying 
materials  to  have  been  serpentine.  It  is  stated  to  be  always  present 
in  small  quantities  with  native  sHver. 

From  this  substance  platinum  is  prepared  by  the  following  pro- 
cess : — The  crude  metal  is  acted  upon  as  far  as  possible  by  nitro- 
muriatic  acid  containing  an  excess  of  hydrochloric  acid  and  slightly 
diluted  with  water,  in  order  to  dissolve  as  small  a  quantity  of 
iridium  as  possible  :  to  the  deep  yellowish  red  and  highly  acid  solu- 
tion thus  produced,  sal-ammoniac  is  added,  by  which  nearly  the 
whole  of  the  platinum  is  thrown  down  in  the  state  of  ammoniimi 
platinochloiide.  This  substance,  washed  with  a  little  cold  water, 
dried,  and  heated  to  redness,  leaves  metallic  platinum  in  the  spongy 
state.  This  metal  cannot  be  fused  into  a  compact  mass  by  ordinary 
furnace-heat,  but  the  same  object  may  be  accomplished  by  taking 
advantage  of  its  property  of  welding,  like  iron,  at  a  high  temperature. 
The  spongy  platinum  is  made  into  a  thin  imifoJm  paste  with  water, 
introduced  into  a  slightly  conical  mould  of  brass,  and  subjected  to  a 
graduated  pressure,  by  which  the  water  is  squeezed  out,  and  the 
mass  rendered  at  length  sufficiently  solid  to  bear  handling.  It  is 
then  dried,  very  carefully  heated  to  whiteness,  and  hammered,  or 
subjected  to  powerful  pressure.  If  this  oj^eration  is  properly  con- 
ducted, the  platinum  wQl  then  be  in  a  state  to  bear  forging  into  a 
bar,  which  can  afterwards  be  rolled  into  plates,  or  drawn  into  wire, 
at  pleasure. 

A  method  of  refining  platinum  has  lately  been  devised  by 
Deville  and  Debray.  It  consists  in  submitting  the  crude  metal  to 
the  action  of  an  intensely  high  temperatirre  in  a  crucible  of  lime. 
The  apparatus  they  employ  is  as  follows  : — The  lower  part  of  the 
furnace  consists  of  a  piece  of  lime,  hoUowed  out  in  the  centre  to  the 
depth  of  about  a  quarter  of  an  inch  ;  a  small  notch  is  tiled  at  one 
side  of  this  basin,  through  which  the  metal  is  introduced  and  poured 
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out.  A  cover  made  of  another  piece  of  lime  fits  on  tlie  top  of  this 
basin ;  it  is  also  hollowed  to  a  small  extent,  and  has  a  conical  perfora- 
tion at  the  top,  into  which  is  inserted  the  nozzle  of  an  oxy-hydrogen 
blowpipe.  The  whole  arrangement  is  firmly  bound  with  u'on  wire 
To  use  the  apparatus,  the  stopcock  supplying  the  hydrogen  (or  coal 
gas)  is  opened,  and  the  gas  lighted  at  the  notch  in  the  crucible :  the 
oxygen  is  then  gradually  supplied ;  and  when  the  furnace  is 
sufficiently  hot,  the  metal  is  introduced  in  small  pieces  through  the 
orifice.  By  this  arrangement  as  much  as  50  pounds  of  platinum  and 
more  may  be  fused  at  once.  All  the  impurities  in  the  platinum,  ex- 
cept the  ii-idium  and  rhodium,  are  separated  in  this  manner  :  the 
gold  and  palladium  ai-e  volatilised ;  the  sulphur,  phosphorus, 
ai-senic,  and  osmium  oxidised  and  volatilised  ;  and  the  iron  and 
copper  oxidised  and  absorbed  by  the  lime  of  the  crucible. 

Platinum  is  a  little  whiter  than  iron  :  it  is  exceedingly  malleable 
and  ductile,  both  hot  and  cold,  and  is  very  infusible,  melting  only 
before  the  oxy-hydi'ogen  blowpipe,  or  in  the  powerful  blast  fiu-nace 
]ust  described.  It  is  the  heaviest  substance  known,  its  specific 
gravity  being  21-5.  Neither  aii-,  moisture,  nor  the  ordinary  acids 
attack  platmum  in  the  slightest  degree  at  any  temperature :  hence 
its  great  value  in  the  construction  of  chemical  vessels.  It  is 
dissolved  by  nitro-muriatic  acid,  and  superficially  oxidised  by  fused 
potassium  hydroxide,  which  enters  into  combination  with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  determine  the 
union  of  oxygen  and  hydrogen  has  been  already  noticed.  There  is 
a  stUl  more  curious  state  in  which  platinum  can  be  obtained— that 
of  platmum-hlack,  in  which  the  division  is  carried  much  further 
It  IS  easily  prepared  by  boiling  a  solution  of  platinic  chloride  to 
which  an  excess  of  sodium  carbonate  and  a  quantity  of  sugar  have 
been  added,  untU  the  precipitate  formed  after  a  little  time  becomes 
perfectly  black,  and  the  supernatant  liquid  colourless.  The  black 
powder  is  collected  on  a  filter,  washed,  and  dried  by  gentle  heat. 
Ihis  substance  appears  to  possess  the  property  of  coudensiiier  aases 
naore  especially  oxygen,  into  its  pores  to  a  very  great  extent :  when 
placed  m  contact  with  a  solution  of  formic  acid,  it  converts 
the  latter,  with  copious  efi'ervescence,  into  carbonic  acid  ;  alcohol 
dropped  upon  the  platinum-black,  become^  changed  by  oxidation  to 
acetic  acid,  the  rise  of  temperature  being  often  sufficiently  great  to 
cause  mflammation.  When  exposed  to  a  red  heat,  the  black 
substance  shrinks  in  volume,  assumes  the  appearance  of  common 
spongy  platinum,  and  loses  these  peculiarities,  which  are  no  doubt 
the  result  of  its  excessively  comminuted  state. 

Platinum  forms  two  series  of  compounds  :  the  platinous 
compoiindi3,  m  which  it  is  bivalent,  e.g.,  ViCl^,  PtO,  and  the 
P  O          <=o™Pounds,  in  which  it  is  quadrivalent,  e.g.,  VtC\, 


Chlorides.— The  dichloride,  or  Platinous  chloride,  PtClo,  is  pro- 
iced  when  platinic  chloride,  dried  and  powdered,  is  exposed  for 
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some  time  to  a  lieat  of  about  200°,  whereby  balf  tlie  chlorine  is  ex- 
pelled ;  also,  when  snlphurous  acid  gas  is  passed  into  a  solution  of 
the  tetrachloride  until  the  latter  ceases  to  give  a  precipitate  Mdth 
sal-ammoniac.  It  is  a  greenish-grey  powder,  insoluble  in  water,  but 
dissolved  by  hydrochloric  acid.  The  latter  solution,  mixed  with 
sal-ammoniac  or  potassium  chloride,  deposits  a  double  salt  in  fine 
red  prismatic  crystals,  contaiuing,  in  the  last  case,  2KCLPtCl2.  The 
corresponding  sodium  compound  is  very  soluble,  and  difficult 
to  crystallise.  These  double  salts  are  called  ^;Zah'iiosoc/iton(Zes  or 
chloroplatinites.  Platinous  chloride  is  decomposed  by  heat  into 
chloriae  and  metallic  platinum. 

Platinous  chloride  unites  with  carbon  monoxide,  forming  the 
three  compounds 

.CO  .CO— PtCl2 

CLPt=CO ,      CLPt<  I    ,    CloPt<         I    ■  , 
\co  \C0— CO 

all  of  which  are  produced  by  heating  platinous  chloride  in  a  stream 
of  carbon  monoxide.  The  first  and  third  crystallise  in  yellow 
needles,  the  second  in  white  needles. 

Platinous  chloride  also  unites  with  phosphorous  trichloride,  form- 
ing phospho-platinic  chloride,  Cl2PtnPCl3,  which  is  obtained 
by  heating  spongy  platinum  with  phosphorus  pentachloride  to  250°. 
It  crystallises  in  maroon-coloured  needles,  melting  at  170°.  When 
heated  with  excess  of  phosphorus  trichloride,  it  is  converted  into 

/PCI3 

diphosphoplatinic  chloride,  ClaPt^  ]     ,  which  forms  canary- 

PCI3 

yellow  crystals,  melting  at  160°.  These  two  chlorides  are  converted 
by  water- — the  latter  on  exposure  to  moist  air  at  a  low  winter 
temperature — into  phosphoplatinic  and  diphosphoplatinic 

/P(0H)3 

acids,  CLPt=P(0H)3  and  CLPt<  |         ,  the  former  of  which  is 

\P(0H)3 

tribasic,  the  latter  sexbasic. 

Platinum  tetrachloride,  or  Platinic  chloride,  PtCl4,  is  always  formed 
when  platinum  is  dissolved  in  nitro-muriatic  acid.  The  acid 
solution  yields,  on  evaporation  to  dryness,  a  red  or  brown  residue, 
deliquescent,  and  very  soluble  both  in  water  and  in  alcohol ;  the 
aqueous  solution  has  a  pure  orange-yellow  tint.  Platinic  chloride 
unites  with  a  great  variety  of  metallic  chlorides,  forming  double 
salts  called  ■platino-chlorides  or  chloro-platinates ;  the  most  important 
of  these  compounds  are  those  containing  the  metals  of  the  alkalis 
and  ammonium.  Potassium  platinochloride,  2KCl.PtCl4,  forms  a 
bright  yellow  crystalline  precipitate,  being  produced  whenever 
solutions  of  the  chlorides  of  platinum  and  of  potassium  are  mixed, 
or  a  potassium  salt  mixed  with  a  little  hydrochloric  acid  is  added  to 
platinum  tetrachloride.  It  is  feebly  soluble  in  water,  still  less 
soluble  in  dilute  alcohol,  and  is  decomposed  -with  some  difficulty  by 
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heal;.  It  is  easily  reduced  by  hydrogen  at  a  higli  temperature, 
yiekUng  a  mixture  of  potassium  chloride  and  platinum-black:  the 
latter  substance  may  thus,  indeed,  be  very  easily  prepared  The 
sodium  salt,  2NaCl.PtCl^,6H30,  is  very  soluble,  crystallising  in 
large,  transparent,  yellow-red  prisms  of  great  beauty  The 
amnwnium  salt,  SNH^CLPtCl^,  is  undistinguishable,  in  physical 
characters,  from  the  potassium-salt :  it  is  thrown  down  as  a 
precipitate  of  small,  transparent,  yeUow,  octohedral  crystals  when 
sal-ammomac  is  nuxed  with  platinic  chloride  ;  it  is  but  feebly 
soluble  m  water,  stiU  less  so  in  dilute  alcohol,  and  is  decomposed 
by  heat,  yielding  spongy  platinum,  while  sal-ammoniac,  hydro- 
chloric acid,  and  nitrogen  are  di-iven  off.  Platinic  chloride  also 
forms  crystaUisable  double  salts  with  the  hydrochlorides  of  many 

?f^(c'S^Ac^^tcf ^^^"P^^' 

The  bromides  and  iodides  of  platinvmase  analogous  in  composition 
to  the  chlorides,  and  likewise  form  double  salts  with  alkaline 
bromides  and  iodides. 

Oxides.— The  monoxide,  ov  Platinous  oxide,  TtO,ia  obtained  by 
digestmg  the  dichloride  with  caustic  potash,  as  a  black  powder 
soluble  m  excess  of  alkaU.  It  dissolves  also  in  acids  with  browil 
colour,  and  the  solutions  are  not  precipitated  by  sal-ammoniac. 
When  platmum  dioxide  is  heated  with  solution  of  oxalic  acid,  it  is 
reduced  to  monoxide,  which  remains  dissolved.  The  Knuid  has  a 
Sate      ^°      '  ^"""^  '^^P"^^*^^        copper-red  needles  of  platinous 

The  dioxide,  or  Platinic  oxide,  PtO^,  is  best  prepared  by  adding 
banum  nitrate  to  a  solution  of  platinic  sulphate;  barium  sulphate 
and  platinic  nitrate  are  then  produced,  and  from  the  latter  caustic 
soda  precipitates  one-half  of  the  platinum  as  platinic  hydrate  The 
sulphate  IS  Itself  obtained  by  acting  with  strong  nitric  acid  upon 
gatmiun  bisulphide,_which  falls  as  a  black  powder  when  a  sok£ 
ot  the  tetrachlonde  is  dropped  into  potassium  sulphide.  Platinic 
hydrate  is  a  bulky  brown  powder,  which,  when  gently  heated 
becomes  bkck  and  anhydrous.  It  iay  also  be  formed  by  boS 
platimc  chloride  with  a  great  excess  of  caustic  soda,  and  then  adding 
acetic  acid.  It  dissolves  m  acids,  and  combines  with  bases  :  thi 
«o!  !   f  fu""  ^  n  T  tint  and  a  great  disposition  to  unite  with 

rinnli  ^         and  alkaline  earths,  giving  rise  to  a  series  of 

double  compounds,  which  are  not  precipitated  by  excess  of  alkaH. 
A  combmation  of  platinic  oxide  with  ammonia  exists,  wliich  is 
by  igStion  platinum  are  reduced  to  the  metalUc  state 

Sulphides.— The  compounds,  PtS  and  VtS^,  are  produced  by  the 
action  o  hydrogen  sulphfde,  or  the  hycbosulphlde  of  an  alkaU-metaL 
on  the  dichlonde  and  tetrachloride  of  platinum  respectively  :  they 
are  both  black  substances,  insoluble  in  water.    Platinic  sulphide 
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heated  in  a  close  vessel  gives  off  hall'  its  sulphur,  and  is  reduced  to 
platinous  sulphide.  It  dissolves  in  alkaline  hydrates,  carbonates, 
and  sulphides,  forming  salts  called  sulphoplatinates,  which  are 
decomposed  by  acids. 

Ammoniacal  Platinum  Compounds. — The  chlorides,  oxides, 
sulphates,  &c.,  of  platinum  are  capable  of  takuig  up  two  or  more 
molecules  of  ammonia,  and  forming  compounds  analogous  in  many 
respects  to  the  ammoniacal  mercury  compounds  already  described. 

The  nitrogen  in  all  these  compounds  is  quinquivalent,  and  con- 
sequently the  groups  ammonia,  .NHg,  and  diammwnia  N,Hq  or 
NH3 — NH3  or  NH2(NHj),  are  bivalent,  having  two  free  combining 


The  platinum  in  some  of  these  compounds  is  bivalent  {flato  or 
platoso),  and  unites  by  two  of  its  combining  units  with  the  bivalent 
OTOups  NH,  or  NgHg,  each  of  which  retains  one  combining  imit 
free.  In  others  the  platinum  is  quadrivalent  (platino),  and  unites 
by  some  of  its  combining  units  with  ammonia  or  diammonia,  the 
remaining  units  being  satisfied  by  combination  with  electro-negative 
radicles.  In  others,  again,  the  platinum  accumulates  in  such 
a  manner  as  to  form  compounds  containing  (Ptg)",  (Pf' — Pt")'', 
(Pt''_Pt''— Pt''— Pt")',  &c.  The  bivalent  groups,  NHg,  NgH^,  always 
go  by  pairs,  excepting  in  the  semi-diammoniums,  in  which  half  or  a 
quarter  of  the  combining  units  of  the  platinum  is  satisfied  by  once 


The  names  and  constitution  of  the  several  groups  are  given  in  the 
following  table,  the  symbol  E,  denoting  a  univalent  chlorous  radicle, 
such  as  CI,  NO2  &c. 


units. 


1.  Platosammonium  compounds, 


2.  Platosemidiammonium  compounds, 


3.  Platomonodiammonium  compounds, 


4.  Platosodiammonium  compounds, 


6.  Platinosemidiammonium  compounds, 


7.  Platinomonodiammonium  compounds, 


PLATINUM. 


513 


Platinodiammoniura  compounds, 


9.  Diplatinammoniimi  compounds, 

10.  Diplatosodiammonium  compounds, 

11.  Diplatinodiammonium  compounds, 

12.  Diplatinotetradiammonium  compounds, 


RPt  ^ 
RPt  <(j 


NH3R 
NH3R 

NH3R 
NH3R 


Pt— NH2(NH4)R 
Pt— NH^CNHJR 
RgPt— NH2(NH4)R 
R^it— NH2(NH4)R 

j^p  /NH,(NHOR 
■^Y\NH2(NH,)R 

j^j]  /NH,(NH,)R 


We  shall  liere  describe  the  most  characteristic  compounds  of  each 
group,  referring  for  more  complete  description  to  larger  works.* 

1.  Platosamvionium  Compounds. — These  compounds  are 
formed  by  abstraction  of  the  elements  of  ammonia,  NH3,  from  the  cor- 
responding platosodiammonium-compoimds.  Tliey  are  for  the  most 
part  insoluble  in  water,  but  dissolve  in  ammonia,  reproducing  the 
platosodiammonium-compounds.    They  detonate  when  heated. 

The  chloride,  or  NgHgPtClj,  is  formed  by  heating 

platosodiammonium  chloride  to  220°-270°,  or  by  heating  the  same 
salt  with  hydrochloric  acid,  or  by  boiling  the  green  salt  of  Magnus 
(p.  515)  with  nitrate  or  sulphate  of  ammonium,  and  is  deposited  as 
a  yellow  crystalline  powder,  or  in  rhombohedral  scales.  It  dis- 
solves in  4472  parts  of  water  at  0°  and  in  130  parts  of  boiling  water. 
At  270°  it  decomposes  in  the  manner  represented  by  the  equation, 

SNaHgPtCla  =  3Pt  -f-  4NH4C1  -1-  2HC1  +  N^. 

Silver  nitrate  added  to  its  solution  throws  down  all  the  chlorine. 
This  salt  is  isomeric  with  the  green  salt  of  Magnus,  with  the  yellow 
chloride  of  platosemidiammonium,  and  with  the  chloroplatinite  of 
platosomonodiammonium. 

The  corresponding  iodide,  NgHoPtl,,  is  a  yellow  powder,  obtained 
by  heating  the  aciueous  sohition  of  the  compouncl,  N^HijPtlg.  It 
dissolves  in  ammonia,- reproducing  the  latter  compound.    The  oxide, 

*  See  Watts's  Dictionary  of  Chemistry,  iv.  673,  and  2d  Suppl.  992. 
F0WNE8. — VOL.  I.  2  K 
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NaHgPtO,  obtained  by  heating  platosodiammonium  oxide  (p.  515)  to 
110°,  is  a  greyisli  mass,  which,  when  heated  to  100°  in  a  close  vessel, 
gives  off  water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum. 
The  hydroxide,  N2HgPt.(HO)2,  obtained  by  decomposing  the  sulphate 
■with  baryta-water,  is  a  strong  base,  soluble  in  water,  having  an 
alkaline  reaction,  absorbing  carbonic  acid  from  the  air,  and  liberating 
ammonia  from  its  salts  (Odling).  The  sul])lmte,  NjHgPtSO^.HgO, 
and  the  nitrate,  N2HgPt(N03)2,  are  obtained  by  boiling  the  iodide 
with  sulphate  and  nitrate  of  silver  :  they  are  crystalline,  and 
have  a  strong  acid  reaction.  The  sulphate  retains  a  molecule  of 
crystalUsation-water,  which  cannot  be  removed  without  decomposing 
the  salt. 

2.  Platososemidiavimonium  Compounds.  —  These  com- 
pounds, isomeric  with  the  preceding,  are  formed  by  dii-ect  addition 

/N  H  CI 

of  ammonia  to  plattnous  salts.     The  chloride,  Pt  \^Qf        >  is  ob- 

taiued  by  adding  ammonia  to  a  cold  solution  of  platinous  chloride  in 
hydrochloric  acid,  filtering  after  24  houi-s,  and  treating  the  yellowish 
green  residue  with  boiling  water,  wliich  dissolves  the  platosemidiam- 
monium  salt,  and  leaves  the  green  salt  of  Magnus  formed  at  the 
same  time.  The  solution  on  cooling  deposits  the  platososemidiam- 
monium  chloride  in  small  prisms,  differhig  in  form  from  the  chloride 
above  described,  and  much  more  soluble  in  water,  requii-ing  for  solu- 
tion 387  parts  of  cold  and  26  parts  of  boUiag  water.  The  other 
salts  of  this  base  are  obtained  by  decomposing  the  chloride  with  the 
corresponding  silver  salts.  The  bromide  and  iodide  crystallise  in 
yellow  needles;  the  nitrite  in  silky  needles,  which  detonate  when 
heated ;  the  nitrate  and  sulphate  form  yellowish  crystalline  crusts. 

3.  Platosomonodiammonium    Compounds,  |^  . — 

The  chloroplatinite  of  this  series,  2N3HgPtCl2.PtCl2,  formed  in  small 
quantity  on  adding  ammonia  to  a  solution  of  platinous  chloride, 
crystallises  in  brown  square  laminae,  slightly  soluble  in  cold,  more 
soluble  in  boUing  water.  Treated  with  silver  nitrate  it  is  converted 
into  platosomonodiammonium  nitrate,  and  this,  when  heated  with 
hydrochloric  acid,  yields  the  corresponding  chloride,  NgHgPtCl,, 
which  is  very  soluble,  and  crystallises  in  colourless  needles,  or 
nacreous  scales. 

<N"  H  R 
N^H^R  ■  — 

chloride,  "i^f  JI-i^2^tGl2,  one  of  the  earliest  discovered  of  the  ammonia- 
cal  platinum  c'ompoimds,  is  obtained  by  the  action  of  ammonia  on 
the  green  salt  of  Magnus,  or  on  the  chloride  of  platosammoniuni. 
When  platinous  chloride  is  boiled  with  excess  of  ammonia,  till  the 
green  precipitate  formed  in  the  first  instance  is  redissolved,  a  solu- 
tion is  obtained,  which,  when  filtered  and  evaporated,  yields  the 
chloride  of  platosodiammonium  in  splendid  yellow  crystals  contain- 
ing one  molecule  of  water,  which  they  give  ofi'  at  110°.  It 
is  soluble  in  water,  and  its  solution  mixed  with  platinous  chloride 
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yields  platosodiammonium  chloroplatmite,  NJijjPtClj.PtCla,  isomeric 
with  platosammoiiium  chloride,  and  constituting  the  green  salt  of 
Magnus,  the  first  discovered  of  the  ammonia-platinum  compounds. 
This  last  salt  may  also  be  prepared  by  passing  sulphurous  acid  gas 
into  a  boiling  solution  of  phitiuic  cliloride,  till  it  is  completely  con- 
verted into  platinous  chloride  (and  is  therefore  no  longer  precipitated 
by  sal-ammoniac),  and  neutralising  the  solution  with  ammonia.  It 
forms  dark  green  needles,  insoluble  in  water,  alcohol,  and  hydro- 
chloric acid. 

The  bromide  and  iodide  of  this  series  are  obtained  by  treatiuo-  the 
solution  of  the  sulphate  with  bromide  or  iodide  of  barium :  "they 
crystallise  in  cubes.  The  oxide,  N^HigPtO,  is  obtained  as  a 
crystalline  mass  by  decomposing  the  solution  of  the  sulphate  with 
an  ecxuiralent  quantity  of  baryta-water,  and  evaporating  the  filtrate 
in  a  vacuum.  It  is  strongly  alkaline  and  caustic,  like  potash, 
absorbs  carbonic  acid  rapidly  from  the  air,  and  precipitates  silver 
oxide  from  the  solution  of  the  nitrate.  It  is  a  strong  base,  neutral- 
ismg  acids  completely,  and  expelling  ammonia  from  its  salts.  It 
melts  at  110°,  giving  off  water  and  ammonia,  and  leaving  platos- 
ammonium  oxide.  Its  aqueous  solution  does  not  give  off  ammonia, 
even  when  boiled.  The  oxide  absorbs  carbon  dioxide  rapidly 
from  the  air,  forming  first  a  neutral  carbonate,  N,H,,PtCOo.H„0, 
and  afterwards  an  acid  salt,  N,Hi,PtC03.H2C03.  The  sulphate, 
N^H.^2VtbO^,  and  the  nitrate,  'Mfi^^VXNO^)^,  are  obtained  by  decom- 
posmg  the  chloride  with  silver  sulphate  or  nitrate ;  they  are  neutral, 
and  crystallise  easily. 

5.    Platinammonium     C  omp  ounds.—The  chloride 

<J^U  CI  ' 
NH3CI '       obtained  by  the  action  of  chlorine  on  platos- 

ammonium  chloride  suspended  in  boiling  water.  It  is  a  lemon- 
yellow  crystalline  powder,  made  up  of  quacbatic  octohedrons  with 
truncated  summits.  It  is  insoluble  in  cold  water,  very  slio-htly 
soluble  m  boiling  water,  or  in  water  containing  hydrochloric  licid 
It  dissolves  m  ammonia  at  a  boiling  heat,  and  the  solution,  on 
coolmg,  deposits  a  yeUow  precipitate,  consisting  of  platmodiam- 
mouiuin  chloride.  It  dissolves  in  boiling  potash  without  evolvint^ 
ammonia.  ^ 

mYroies -An  ox?/wi«mie,  N,HoPt(N03),0,  is  obtained  by  boiling 
the  chloride,  N^H^PtCl^,  for  several  hours  with  a  dilute  solution  of 
silver  nitrate.  It  is  a  yellow  crystalline  powder,  sparingly  soluble  in 
?Arn\™°^*^i''  -^^^^^  in  boiling  water.  The  normal  nitrate,  N^H^Pt 
(iN  U)^,  IS  obtained  by  dissolving  the  oxynitrate  in  nitric  acid :  it  is 
yellowish,  insoluble  in  cold  water,  soluble  in  hot  nitric  acid. 

LhQ  oxide,  NjHaPtO^,  is  obtained  by  adding  ammonia  to  a  boiliu" 
solution  ot  platinammonium  nitrate  ;  it  is  then  precipitated  in  the 
torm  ot  a  heavy,  yellowish,  crystalline  powder,  composed  of  small 
shining  rhotnl)oidal  prisms ;  it  is  nearly  insoluble  in  boiliu"'  water 
and  resists  the  action  of  boiling  potash.  Heated  in  a  close  vessel,  it 
gives  off  water  and  ammonia,  and  leaves  metallic  platinum.    It  dis- 
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solves  readily  in  dilute  acids,  even  in  acetic  acid,  and  forms  a  large 
number  of  crystallisable  salts,  botb  neutral  and  acid,  having  a  yellow 
colour,  and  sparingly  soluble  in  water.  Another  compound  of  pla- 
tinic  oxide  with  ammonia,  c£i\led  fulminating  platinv/m,  whose  com- 
position has  not  been  exactly  ascertained,  is  produced  by  decomposing 
ammonium  platino-chloride  with  aqueous  potash.  It  is  a  straw- 
coloured  powder,  which  detonates  slightly  when  suddenly  heated, 
but  strongly  when  exposed  to  a  gradually  increasing  heat. 

6.  Platinosemidiammonium  G ompoxmds. —  Isomeric  with 
the  precedmg.    The  chloride,  Cl2Pt<;[^^2H6Cl  ^  ^^^^^^  ^he 

action  of  chlorine  on  platososemidiammonium  chloride,  crystallises 
in  yellow  six-sided  plates  belonging  to  the  rhombic  system,  turning 
green  at  100°,  and  dissolving  in  potash  without  evolution  of 

ammonia.  A  basic  nitrate,  (0H)2Pt  <^q|^6  ^     obtained  as  an 

amorphous  yeUow  precipitate  by  treating  the  chloride  with  silver 

nitrate.    A  cMoronitrate,  Cl2Pt^^^'''"'^^2  ^  obtained  by  the  action 

of  chlorine  on  platososemidiammonium  nitrate,  crystallises  in  small 
yellow  needles. 

7.  Platinomonodiammonium    Compounds. — The  chloride, 

ClgPt  <^jjg'^(]j^  J  formed  by  the  action  of  nitromuriatic  acid  on  plato- 

somonodiammonium  chloride,  crystallises  in  rhombic  or  hexagonal 

plates.     A  bromonitrate,  Br2Pt<^^^6(^3)  +  H20  ,  obtained  by 

adding  bromine  to  the  nitrate  of  platosomonodiammonium,  forms 
yellow  soluble  crusts. 

8.  Platinodiammonium     Compounds.  —  The  chloride 

PtCl2<^^2^''Qj,  is  obtained  by  passing  chlorine  gas  into  a  solution 

of  platosodiammonium  chloride  ;  by  dissolving  platinammonium 
chloride  in  ammonia,  and  expelling  the  excess  of  ammonia  by 
evaporation  ;  or  by  precipitating  a  solution  of  platinodiammonium 
oxynitrate,  or  nitrato-chloride,  with  hydrochloric  acid.  It  is  white, 
and  dissolves  in  smaU  quantity  in  boiling  water,  from  which  solu- 
tion it  is  deposited  in  the  form  of  transparent  regular  octohedrons, 
having  a  fault  yeUow  tint.  When  a  solution  of  this  salt  is  treated 
with  silver  nitrate,  one-haK  of  the  chlorine  is  very  easily  precipitated, 
but  to  remove  even  a  small  portion  of  the  remainder  requu-es 
a   long-continued  action   of  the  silver-salt.    The  chlorobromddc, 

^^p>Pt^-j^2^c^^  ^  ig  obtained  as  a  yellow  precipitate  by  treat- 
ing platinodiammonium  chloride  with  bromine.  A  basic  nitrate, 
NO  /^-^^'Cn^h'^'no''  '  o^t^i^sd  by  the  action  of  nitric  acid  on 
platosodiammonium  nitrate,  as  a  white  crystalline  powder,  converted 
by  ammonia  into  the  salt  (HO)2Pt(N2HB.N03)2.    The  sulphato- 
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chloride,  C\2Pt<^'^^^'^S>0^,  formed  by  the  action  of  sulphuric  acid 

on  the  chloride,  crystallises  in  slender  transparent  needles.  An 
oxalochloride,  Cl2Pt(]<l.2}^^)fi20^,  obtained  by  treating  the  chloride 
with  ammonium  oxalate,  is  a  very  soluble  crystalline  powder. 

IPt(NH3l)2 

9.      Diplatinammoniicm      Iodide,      \  or 

IPt(NH3l)2 

l2(Pt2)"(NH3l)^ ,  the  only  term  of  this  series  at  present  known, 
is  obtained  by  treating  platosammonium  iodide  with  boiling  potash, 
and  the  resulting  yellow  powder  with  hydriodic  acid.  It  is  a  black 
amorphous  substance,  which  when  again  treated  with  potash  and 
hyckiodic  acid  yields  the  compound  l2(Pt^)'(NH3l)g,  and  this  by 
similar  treatment  may  be  converted  into  the  still  more  condensed 
compound  l2(Pt8)"'''(NH3l)ig. 

10.  Diplatosodiammonium  Compounds. — The  hiidroxide 
Pt— NgHe— OH 

I  ,  formed  by  the  action  of  caustic  soda  on  the 

Pt— NaHg— OH 

chloride  of  platososemidiammonium,  is  a  greyish  crystalliae  in- 
soluble powder,  which  detonates  violently  when  heated.  Treated 
with  hydi-ochloric  acid,  it  yields  a  yellow  powder,  which  is  converted 
by  boiling  water  into  the  chloride,  Pt2(N2HgCl)2. 

ClaPt— NH3— NH2 

11.  Diplatinodiammonium  Chloride,  | 

Cl2Pt— NH3— NH2 ' 

is  a  yellow  amorphous  powder  formed  by  the  action  of  nitromuriatic 
acid  on  the  hydrate  of  the  preceding  series. 

12.  Bipl  atino  -  tetradiammonium  Compounds 
EPt(N2HeR)2  /Pt(N2He.N03)2 

I  or  N8H24Pt2Re .    An  oxynitrate,  0<^  \ 

EPt(N2HgR)2  ^Pt(N2H8.N03)2 
or  N8H24Pt2(N03)40,  is  produced  by  boiling  platosodiammoniimi 
nitrate  with  nitric  acid.  It  is  a  colourless,  crystalline,  detonating 
salt,  shghtly  soluble  in  cold  water,  more  soluble  in  boUing 
water,  insoluble  in  nitric  acid  (Gerhardt).  A  nitratoxy chloride, 
N8H24Pt2(N03)40Cl2,  discovered  by  Eaew^sky,  is  formed  when 
Magnus's  green  salt  is  boiled  with  a  large  excess  of  nitric  acid. 
Eed  fumes  are  then  evoli^ed,  and  the  resulting  solution  deposits  the 
nitrat-oxychloride  in  small  brilliant  needles,  which  deflagrate  when 
heated,  giving  off  water  and  sal-amnioniac,  and  leaving  metallic 
platinum.  The  nitric  acid  in  this  salt  may  be  replaced  by  an 
equivalent  quantity  ol  carbonic  or  oxalic  acid,  yielding  the  com- 
pounds, N8H2,Pt2fC03)20Cl2,  and  N8H24Pt2(C204)20Cl2,  both  of 
which  are  crystallisable,  and  sparingly  soluble.  A  basic  oxalo- 
mtrate,  N8H24Pt2(C204)2(N  03)20,  insoluble  in  wMer,  is  obtained  by 
adding  ammonium  oxalate  to  the  oxynitrate. 
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Reactions  of  Platinmn  Salts. — Platmic  chloride,  or  a  platinic 
oxygen-salt,  may  be  recognised  in  solution  by  the  yellow  precipitate 
which  it  forms  with  sal-ammoniac,  decomposible  by  heat,  with 
production  of  spongy  metal. 

Hydrogen  sulphide  and  ammonium  sulphide  gradually  form  a 
brown  precipitate  of  platinic  sulphide,  soluble  in  excess  of  ammonium 
sulphide.    Zinc  precipitates  metallic  platinum. 

Platinic  chloride  and  sodium  platinochloride  are  employed  in 
analytical  investigations  to  detect  the  presence  of  potassium  and 
separate  it  from  sodium.  For  the  latter  purpose,  the  alkaline  salts 
are  converted  into  chlorides,  and  in  this  state  mixed  with  four  times 
their  weight  of  sodium  platinochloride  in  crystals,  the  whole  being 
dissolved  in  a  little  water.  When  the  formation  of  the  yellow  salt 
appears  complete,  alcohol  is  added,  and  the  precipitate  collected  on 
weighed,  filter,  washed  with  weak  spirit,  carefully  dried,  and 
weighed.  The  potassium  chloride  is  then  easily  reckoned  from  the 
weight  of  the  double  salt ;  and  this,  subtracted  from  the  weight  of 
the  mixed  chlorides  employed,  gives  that  of  the  sodium  chloride  by 
difference  ;  100  parts  of  potassium  platinochloride  correspond  with 
30"51  parts  of  potassium  chloride. 


Capsules  and  crucibles  of  platinum  are  of  great  value  to  the 
chemist  :  the  latter  are  constantly  used  in  mineral  analysis  for 
fusing  siliceous  matter  with  alkalLae  carbonates.  They  suffer  no 
injury  in  this  operation,  although  caustic  alkali  roughens  and 
corrodes  the  metal.  The  experimenter  must  be  particularly  careful 
to  avoid  iutrodiicing  any  oxide  of  an  easily  fusible  metal,  as  that  of 
lead  or  tin,  into  a  platinum  crucible.  If  reduction  should  by  any 
means  occur,  these  metals  will  at  once  alloy  themselves  with  the 
platinum,  and  the  vessel  will  be  destroyed.  A  platinum  crucible 
must  never  be  put  naked  into  a  coke  or  charcoal  fii'e,  but  always 
placed  within  a  covered  earthen  crucible. 


PALLADIUM. 

Atomic  weight,  106 '5.    Symbol,  Pd. 

When  the  solution  of  crude  platinum,  from  which  the  greater  part 
of  that  metal  has  been  precipitated  by  sal-ammoniac,  is  neutralised 
by  sodium  carbonate,  and  mixed  with  a  solution  of  merciu-ic  C3'amde, 
palladium  cyanide  separates  as  a  whitish  insoluble  substance, 
which,  on  being  washed,  dried,  and  heated  to  redness,  yields  metallic 
palladium  in  a  spongy  state.  The  palladium  may  then  be  welded 
into  a  mass,  in  the  same  manner  as  platinum. 

Palladium  closely  corresponds  mth  platinum  in  colour  and  appear- 
ance ;  it  is  also  very  malleable  and  ductile.  Its  density  differs  very 
much  from  that  of  platiuum,  being  only  11-8.    Palladium  is  more 
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oxidable  tliau  platinum.  When  heated  to  redness  in  the  air, 
especially  in  the  state  of  sponge,  it  acquires  a  blue  or  purple  super- 
ficial tilni  of  oxide,  which  is  again  reduced  at  a  white  heat.  Ihis 
metal  is  slowly  attacked  by  nitric  acid  ;  its  best  solvent  is  nitre - 
mmiatic  acid. 

Palladium,  like  platinum,  forms  two  classes  of  compounds ; 
namely,  the  palladious  compounds,  in  which  it  is  bivalent,  and 
the  pa  11a die  compounds,  in  which  it  is  quadrivalent. 

Chlorides. — The  dichloride,  or  Palladious  chloride,  PdCl2,  is 
obtained  by  dissolving  the  metal  in  nitro-inuriatic  acid,  and 
evaporating  the  solution  to  dryness.  It  is  a  clark-brown  mass,  which 
dissolves  in  water  if  the  heat  has  not  been  too  great,  and  forms 
double  salts  with  many  metallic  chlorides.  The  palladio-chlorides  of 
ammonium  and  potassium  are  much  more  soluble  than  the  corre- 
sponding platinochlorides  :  they  have  a  brownish-yellow  tint. 

The  tetrachloride,  or  Palladia  chloride,  PdCl^,  exists  only  in 
solution  and  in  combination  with  the  alkaline  chlorides.  It  is 
formed  when  the  dichloride  is  digested  in  nitro-miu'iatic  acid.  The 
solution  has  an  intense  brown  .  colour,  and  is  decomposed  by 
evaporation.  Mixed  with  potassium  chloride,  or  with  sal-ammoniac, 
it  gives  rise  to  a  red  crystalline  precipitate,  which  is  but  little  soluble 
in  water. 

Palladious  Iodide,  Pdig,  is  precipitated  from  the  chloride  or 
nitrate  by  soluble  iodides,  as  a  black  mass,  which  gives  off  its  iodine 
between  300°  and  360°.  Palladium-salts  are  employed  for  the 
quantitative  estimation  of  iodine,  chlorine  and  bromine  not  being 
precipitated  by  them. 

Oxides. — The  monoxide,  or  Palladious  oxide,  PdO,  is  obtained  by 
evaporating  to  dryness,  and  cautiously  heating  the  solution  of 
palladium  iu  nitric  acid.  It  is  black,  and  but  little  soluble  iu  acids. 
The  hydrate  falls  as  a  dark-brown  precipitate  when  sodium  carbonate 
is  added  to  the  above  solution.    It  is  decomposed  by  a  strong  heat. 

The  dioxide,  or  Palladia  oxide,  PdOg,  is  not  known  in  the  separate 
state.  From  a  solution  of  palladic  chloride,  alkalis  and  alkaline 
carbonates  throw  down  a  brown  precijDitate,  consisting  of  hydrated 
palladic  oxide  combined  with  the  alkali.  This  compound  gives  off 
haK  its  oxygen  at  a  moderate  heat,  and  the  whole  at  a  higher 
temperature.  From  hot  solutions  a  black  precipitate  is  obtained, 
containing  the  anhydrous  dioxide.  The  hydrate  dissolves  slowly  in 
acids,  forming  yellow  solutions.  In  strong  hydrochloric  acid  it 
dissolves  without  decomposition,  forming  jjotassio-indlad.ic  chloride, 
arising  from  admixed  potash  ;  vnth  dilute  hydrochloric  acid,  on  the 
contrary,  it  gives  off  chlorine. 

Palladious  Sulphide,  PdS,  is  formed  by  fusing  the  metal  with 
sulphur,  or  by  precipitating  a  solution  of  a  palladious  salt  with 
hydrogen  sulphide.    It  is  insoluble  in  ammonium  suljjhide. 
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Ammoniacal  Palladium  Compounds. — A  moderately  con- 
centrated solution  of  palladium  dichloride,  treated  -with  a  sli<;lit 
excess  of  anuuonia,  yields  a  beautiful  flesh-colom-ed  or  rose-coloured 
precipitate,  consisting  of  N2HgPd'''Cl2.  This  precij^itate  dissolves  in 
a  large  excess  of  ammonia ;  and  the  ammoniacal  solution,  when 
treated  with  acids,  yields  a  yellow  precipitate  having  the  same  com- 
position. This  yellow  modification  is  liliewise  obtained  by  heating 
the  red  compound  in  the  moist  state  to  100°,  or  in  the  dry  state  to 
200°.  The  yellow  compomid  dissolves  abundantly  in  aqueous 
potash,  forming  a  yellow  solution,  but  without  givmg  off  ammonia, 
even  when  the  liquid  is  heated  to  the  boiling-point ;  the  red 
compound  behaves  in  a  similar  manner,  but,  before  dissolving,  is 
converted  into  the  yellow  modification.  These  compounds,  dis- 
covered by  Hugo  Miiller,*  are  analogous  in  their  modes  of  formation, 
and  probably  therefore  in  constitution,  to  the  two  modifications  of 
the  platinum  compoimd,  NgHgPtClg  (pp.  513,  514);  the  red  com- 


The  yellow  compoimd,  digested  with  water  and  silver  oxide,  yields 
palladammonium  oxide,  NgHgPdO,  which  is  a  strong  base,  soluble  in 
water,  having  an  alkaline  taste  and  reaction,  and  absorbing  carbonic 
acid  from  the  aii-.  Palladammonium  sulphite,  NjHgPd.SOg,  is  formed 
by  the  action  of  sulphurous  acid  on  the  oxide  or  chloride  ;  it 
crystallises  in  orange-yellow  octohedrons.  The  sulphate,  chloride, 
iodide,  and  bromide  have  likewise  been  formed. 

The  compound  4NH3.PdCl2,  or  palladiodiawAnonium  chloride, 
Pd[NH2(NH4)Cl]2,  separates  from  an  ammoniacal  solution  of 
palladammonium  chloride  in  oblique  rhombic  prisms. 

The  oxide,  N^HijPclO,  obtained  by  decomposing  the  solution  of 
this  chloride  with  silver  oxide,  is  also  a  strong  base  jdelding 
crystallisable,  salts. 


Palladious  salts  are  well  marked  by  the  pale  yello-^vish  white  pre- 
cipitate which  they  form  with  solution  of  mercuric  cyanide.  It  con- 
sists of  paUadious  cyanide,  PdCjg,  and  is  oonvei-ted  by  heat  into  the 
spongy  metal. 

Hydriodic  acid  and  potassium  iodide  throw  down  a  black  pre- 
cipitate of  palladium  iodide,  visible  even  to  the  500,000th  degree  of 
dilution. 

Palladium  is  readily  alloyed  with  other  metals,  as  copper ;  one  of 
these  compounds — namely,  the  alloy  with  silver — has  been  applied 
to  useful  pui'poses.  An  amalgam  of  palladium  is  now  extensively 
used  by  dentists  for  stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  Brazil. 


pound  being  palladiosemidiam/moniwm  chloride,  Pd 
and  the  yellow  compoimd,  palladammonium  chlo'''ide,  Pd 


*  Ann.  Ch.  Pharni.  Ix.xxvi.  341. 
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RHODIUM. 

Atomic  weight,  104 'd.    Sj-mbol,  R 

The  solution  from  which  platinum  and  palladium  have  been 
separated,  in  the  manner  ali-eady  described,  is  mixed  with  hydro- 
chloric acid,  and  evaporated  to  dryness.  The  re.sidue  is  treated 
with  alcohol,  of  specilic  gravity  0'837,  which  dissolves  everything 
except  the  double  chloride  of  rhodium  and  sodium.  This  is  well 
washed  with  spirit,  dried,  heated  to  whiteness,  and  then  boiled  with 
water,  whereby  sodium  chloride  is  dissolved  out,  and  metallic  rhodium 
remains.  Thus  obtained,  rhodium  is  a  white,  coherent,  spongy 
mass,  still  less  fusible  and  less  capable  of  being  welded  than 
platinum.    Its  specific  gravity  varies  from  lO'G  to  11. 

Khodium  is  very  brittle  :  reduced  to  powder  and  heated  in  the 
air,  it  becomes  oxidised,  and  the  same  alteration  happens  to  a  greater 
extent  when  it  is  fused  with  nitrate  or  bisulphate  of  potassium. 
None  of  the  acids,  singly  or  conjoiaed,  dissolve  this  metal,  unless  it 
be  in  the  state  of  alloy,  as  with  platinum,  in  which  state  it  is 
attacked  by  nitro-muriatic  acid. 

Ehodium  forms  but  one  chloride,  containing  EhCl3,  in  which, 
like  fron  in  ferric  chloride,  it  may  be  regarded  as  either  tri-  or  quad- 
rivalent. 

This  chloride  is  prepared  by  adding  silicofluoric  acid  to  the 
double  chloride  of  rhodium  and  potassium,  evaporating  the  filtered 
solution  to  dryness,  and  dissolving  the  residue  in  water.  It  forms 
a  brownish-red  deliquescent  mass,  soluble  in  water,  with  a  fine  red 
colour.  It  is  decomposed  by  heat  into  chlorine  and  metallic 
rhodium. 

Ehodium  and  Potassium  Chorides. — The  salt,  EhClg.SKCl.SHjO, 
formed  by  mixing  a  solution  of  rhodic  oxide  in  hydrochloric  acicl 
with  a  strong  solution  of  potassium  chloride,  crystallises  in  spai'ingly 
soluble  efflorescent  prisms.  Another  double  salt,  containing  EhClg. 
2KCI.H2O,  is  prepared  by  heating  in  a  stream  of  chlorine  a 
mixtui'e  of  equal  parts  of  finely  powdered  metallic  rhodium  and 
potassium  chloride.  The  salt  has  a  fine  red  colour,  is  soluble  in 
water,  and  crystallises  in  four-sided  prisms.  Ehodium  and  sodium 
chloride,  EhCl.,.3NaC1.12H20,  is  also  a  very  beautiful  red  salt, 
prepared  like  the  last.  The  ammonium  salt,  EhgClfl.eNH^Cl.SHjO, 
obtained  by  decomposing  the  sodium  salt  with  sal-ammoniac, 
crystallises  in  fine  rhombohedral  prisms. 

Bhodium  Oxides. — Ehodium  forms  four  oxides,  containing 
EhO,  EhgO,,  EhO^,  and  EhOj. 

The  monoxide,  EhO,  is  fonned  with  incandescence,  when  the 
hydrated  sesquioxide,  EhjOj.SHgO,  is  heated  in  a  jjlatinum  crucible. 
It  is  a  dark  gre^  suljstance,  perfectly  indifferent  to  acids. 

The  sesquioxide,  or  Ehodic  oxide,  EhgOg,  obtained  by  heating  the 


522 


PLATINUM  METALS. 


nitrate,  is  a  grey  porous  mass,  with  metallic  iridescence  ;  insoluble 
in  acids,  easily  reduced  by  hydrogen.  It  forms  two  hydrates  : 
EhgOg.SHgO  or  EhHgOg,  obtained  by  precipitatiag  a  solution  of 
rhodium  and  sodium  chloride  with  potash  in  presence  of  alcohol,  and 
Rh203.5H20  or  RhHgOg.HgO,  formed  by  precipitatiag  the  same 
salt  with  aqueous  potash. 

The  dioxide,  RhOg,  obtaiaed  by  fusing  pulverised  rhodium  or  the 
sesquioxide  with  nitre  and  j^otash,  and  digesting  the  fused  mass 
with  nitric  acid,  to  dissolve  out  the  potash,  is  a  dark  brown  substance, 
insoluble  in  acids.  When  chlorine  is  passed  into  a  solution  of 
rhodic  pentahydrate,  Eh^Oj-SHjO,  a  black-brown  gelatinous  precipi- 
tate of  the  trihydrate,  EhgOj.SHgO,  is  formed  at  first ;  but  this  com- 
pound gradually  loses  its  gelatinous  consistence,  becomes  lighter 
in  colour,  and  is  finally  converted  into  a  green  hydrate  of  the 
dioxide,  RhOj.SHjO.  The  alkaline  solution  at  the  same  time 
acquires  a  deep  violet-blue  colour. 

Trioxide,  ElaOg. — The  blue  alkaline  solution  above  mentioned 
deposits,  after  a  while,  a  blue  powder,  becoming  green  when  dry, 
and  yielding,  when  treated  with  nitric  acid,  a  blue  flocculent  sub- 
stance, consisting  of  the  trioxide,  easily  reduced  to  the  dioxide, 

Ehodic  Sulphate,  Eh2(S04)3.12H20,  formed  by  oxidising  the 
sulphide  with  nitric  acid,  is  a  yellowish-white  crystalline  mass. 
Potassio-rhodic  sulphate,  B,h.Ks{SO^^,  is  a  reddish-yellow  crystalline 
powder,  formed  by  adding  sulphuric  acid  to  a  solution  of  rhodiimi 
and  potassium  chloride. 

Ammoniacal  Rliodium  Compounds. — An  ammonio-chloride, 

Cl2Eh-(NH3),-Cl 
10NH3.Eh2Cl8,  or       I  ,  is   obtained  as  a  yellow 

Cl2Eh-(NH3),-Cl 
crystalline  powder  on  mixing  a  dilute  solution  of  rhodium  and 
ammonium  chloride  with  excess  of  ammonia,  and  leaving  the 
filtered  solution  to  evaporate.  The  corresponding  oxide,  IONH3. 
Eh203,  obtained  by  heating  the  chloride  with  silver  oxide,  is  a 
strong  base,  from  which  the  sulphate  and  oxalate  may  be  obtained 
in  crystalline  form. 


Ehodic  salts  are,  for  the  most  part,  rose-coloured,  and  exhibit,  in 
solution,  the  following  reactions :  with  hydrogen  sulphide  and 
ammoniwm  sulphide,  a  brown  precipitate  of  rhodic  sulphide,  insoluble 
in  excess  of  ammonium  sulphide  ;  with  soluble  sulphites,  a  pale 
yellow  precijjitate,  affording  a  characteristic  reaction  ;  Math  potash, 
a  yellow  precijaitate  of  rhodic  oxide,  soluble  in  excess  ;  with  ammonia, 
and  with  alkaline  carbonates,  a  yellow  precipitate  after  a  whUe.  No 
precipitate  with  alkaline  chlorides  or  mercuric  cyanide.  Zinc 
precipitates  metallic  rhodium. 

An  alloy  of  steel  with  a  smaU  quantity  of  rhodium  is  said  to 
possess  extremely  valuable  properties. 
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[^Atomic  weight,  198.    Symbol,  Ir. 

When  crude  platinum  is  dissolved  La  nitromuriatic  acid,  a  small 
quantity  of  a  gi-ey  scaly  metallic  substance  usually  remains  behind, 
having  altogether  resisted  the  action  of  the  acid  :  this  is  a  native 
alloy  of  iridium  and  osmium,  called  osmiridium  or  iridosmine ;  it 
is  reduced  to  powder,  mixed  with  an  equal  weight  of  dry  sodium 
chloride,  and  heated  to  redness  in  a  glass  tnbe,  through  which  a 
stream  of  moist  chlorine  gas  is  transmitted.  The  further  extremity 
of  the  tube  is  connected  with  a  receiver  containing  solution  of 
ammonia.  The  gas,  under  these  circumstances,  is  rapidly  absorbed, 
iridiimi  chloride  and  osmium  chloride  being  produced  :  the  former 
remains  in  combination  with  the  sodium  chloride;  the  latter, 
being  a  volatile  substance,  is  carried  forward  into  the  receiver, 
where  it  is  decomposed  by  the  water  into  osmic  and  hydrochloric 
acids,  which  combine  with  the  alkali.  The  contents  of  the  tube 
when  cold  are  treated  with  water,  by  which  the  iridium  and  sodium 
chloride  is  dissolved  out ;  this  is  mixed  with  an  excess  of  sodium 
carbonate,  and  evaporated  to  dryness.  The  residue  is  ignited  in  a 
criicible,  boiled  with  water,  and  dried;  it  then  consists  of  a 
mixture  of  ferric  oxide  and  a  combination  of  iridium  oxide  with 
soda:  it  is  reduced  by  hydrogen  at  a  high  temperature,  and  treated 
successively  with  water  and  strong  hydrochloric  acid,  by  which 
the  alkali  and  the  iron  are  removed,  while  metallic  iridium  is  left 
in  a  finely  divided  state.  By  strong  pressure  and  exposm-e  to  a 
white  heat,  a  certain  degree  of  compactness  may  be  communicated 
to  the  metal.* 

Iridium  is  a  white  brittle  metal,  fusible  with  great  difficulty 
before  the  oxy-hydrogen  blowpipe.  Deville  and  Debray,by  means 
of  their  powerful  oxy-hydrogen  blast  furnace,  have  fused  it  com- 
pletely into  a  pure  white  mass,  resembling  polished  steel,  brittle 
in  the  cold,  somewhat  malleable  at  a  red  heat,  and  having  a 
density  equal  to  that  of  platinum,  viz.,  21-15.  By  moistening  the 
pulverulent  metal  with  a  small  quantity  of  water,  pressmg  it  tightly, 
first  between  filtering  paper,  then  very  forcibly  in  a  press,  and 
calcining  it  at  a  white  heat  in  a  forge  fire,  it  may  be  obtained  in 
the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good 
polish,  but  still  very  porous,  and  of  a  density  not  exceeding  16'0. 
After  strong  ignition  it  is  insoluble  in  aU  acids,  but  when  reduced 

*  Osmiridium,  however,  generally  contains  platinum,  ruthenium,  and  other 
metals  of  the  same  group,  which  are  not  eflectually  separated  by  the  method 
above  described.  Thecomplete  separation  of  theseveralnietalsoftlio  platinum 
group  has  of  late  years  formed  the  subject  of  several  elaborate  investigations, 
into  which  the  limits  of  this  work  will  not  permit  us  to  enter.  (See  Watts's 
Dictionary  of  Chemistry,  iii.  35  ;  iv.  241,  680  ;  v.  101, 124.) 
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by  hydrogen  at  low  temperatures,  it  oxidises  slowly  at  a  red  heat, 
and  dissolves  in  nitro-miiriatic  acid.  It  Ls  usually  rendered  soluljle 
by  fusing  it  with  nitre  and  caustic  potash,  or  by  mixing  it  with 
common  salt,  or  better,  with  a  mixture  of  the  chlorides  of  potassium 
and  sodium,  and  igniting  it  in  a  current  of  chlorine,  as  above 
described. 

Iridium  forms  three  series  of  compounds,  namely,  the  hypo- 
iridious  compounds,  in  which  it  is  bivalent,  as  IrCl2,  IrO  ;  the 
iridious  compounds,  in  which  it  is  trivalent  or  quadrivalent,  e.g., 
IrClg  or  IrgClg  =  Glglr — IrClg ;  and  the  iridic  compounds,  in 
which  it  is  also  quadrivalent,  as  in  IrCl^,  IrOg,  &c.  It  appears 
to  be  incapable  of  vmiting  with  more  than  four  atoms  of  a  monad 
element.*  It  forms  also  a  trioxide,  IrOg,  in  which  it  is  most  pro- 
bably sexvalent. 

Chlorides. — Iridium  appears  to  form  three  chlorides,  but  only 
two  of  them — namely,  the  trichloride  and  tetrachloride — have  been 
obtained  in  definite  form,. 

The  clichloride,  IrClj,  is  not  known  in  the  separate  state,  but 
appears  to  exist  in  certain  double  salts,  called  hypochloriridites. 

The  trichloride,  or  Iridious  chloride,  IrClg,  is  prepared  by  strongly 
heating  iridium  with  nitre,  adding  water  and  enough  nitric  acid  to 
saturate  the  alkali,  warming  the  mixture,  and  then  dissolving  the 
precipitated  hydrate  of  the  sesquioxide  in  hydrochloric  acid ;  it  iorms 
a  dark  yellowish-brown  solution.  This  substance  combines  with 
other  metallic  chlorides,  forming  compounds  called  iridoso-chlorides 
or  chloriridites,  which  may  be  prepared  by  reducing  the  corre- 
sponding chloriridiates  with  sulphurous  acid,  hydrogen  sulphide, 
or  potassium  ferrocyanide.  Claus  has  obtained  the  compounds 
IrClg-SNH^CLSHaO,  IrClg-SKCLSH^O,  and  IrClg.SNaCLiaHaO. 
They  are  olive-green  pulverulent  salts,  soluble  in  water. 

The  tetrachloride,  or  Iridic  chloride,  IrClj,  is  obtained  in  solution  by 
dissolving  very  finely  divided  iridiimi,  or  one  of  its  oxides,  or  the 
trichloride,  in  nitromimatic  acid,  and  heating  the  liqiiid  to  the 
boiling-point.  On  evaporating  the  solution,  it  remains  in  the  form 
of  a  black,  deliquescent,  amorphous  mass,  translucent  svith  dark- 
red  colour  at  the  edges  ;  soluble,  with  reddish-yellow  colom-,  in 
water.  It  unites  with  alkaline  chlorides,  forming  compounds  called 
i/ridiochlorides  or  chloriridiates,  analogous  in  comjjosition  to  the 
chloroplatinates.  The  ammonium  salt,  IrCl4.2NH4Cl.H2O,  and  the 
potassium  salt,  IrCl4.2KCl,  are  formed,  as  dark-brown  crystalline 
precipitates,  on  mixing  the  solutions  of  the  component  cMorides. 
The  potassium  salt  may  also  be  prepared  by  passing  chloiine  over  a 

*  A  hexchloride,  IrClo,  was  said  by  Berzelius-  to  be  obtained  in  combination 
■with  potassium  chloride  by  fusing  iridosrpine  with  nitre,  distilling  the  pro- 
duct with  nitromuriatic  acid,  and  treating  the  residue  with  successive  por- 
tions of  water  ;  but,  according  to  Claus,  the  salt  thus  formed  was  really  a 
ruthenium  compound,  having  been  prepared  by  Berzelius  from  iridosmine 
containing  ruthenium. 
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gently  ignited  and  finely  divided  mixture  of  iiidiiun  with  potassium 
chloride.  It  is  soluble  in  boiling  water,  and  crystallises  in  black 
octoheili'ons,  yielding  a  red  powder.  The  sodium  salt,  IrCl,.2NaCl. 
6H3O,  prepared  like  the  potassium  salt,  forms  easily  soluble  black 
t-^Wes  and  prisms,  isomorphous  with  the  corresponding  platinum 

Iodides.— Iridium  forms  three  iodides,  Irlg,  Irl„  and  Irl^,  analo- 
gous to  the  chlorides,  and  yielding  similar  double  salts  with  the 
iodides  of  the  alkaH-metals.* 

Oxides.— Iridium  forms  four  oxides,  IrO,  Ir^Og,  IrOj,  and  IrO,. 
The  _  monoxide,  or  hypoiridious  oxide,  IrO,  is  but  little  known.  It  is 
obtained  by  precipitating  an  alkaline  hypochloriridite  with  caustic 
alkali  in  an  atmosphere  of  carbon  dioxide  ;  but  on  exposure  to  the 
air  it  is  quickly  converted  into  a  higher  oxide. 

The  sesquioxide,  or  Iridimcs  oxide,  It^O-^,  was  formerly  regarded  as 
the  most  easily  formed  and  most  stable  of  the  oxides  of  iridium ; 
but,  according  to  Glaus,  it  has  a  great  tendency  to  take  up  oxygen 
and  pass  to  the  state  of  dioxide.  It  may  be  prepared  by  gently 
Igniting  a  mixture  of  potassium  chloriridite  (IrClgKClg)  with 
soolium  carbonate  in  an  atmosphere  of  carbon  dioxide  ;  on  treating 
the  product  with  water,  the  sesquioxide  remains  in  the  form  of  a 
black  powder  insoluble  in  acids.  It  forms  two  hydrates,  IrgOg.SHgO, 
and  IroOg.SH.jO.  It  imites  with  bases,  forming  salts  which  may 
be  called  iridites.  A  solution  of  a  chloriridite  in  excess  of  lime- 
water  deposits,  after  standing  for  some  time  out  of  contact  of  air,  a 
dirty  yellow  precipitate  containing  SCaCIrgOg. 

The  dioxide,  or  Iridic  oxide,  IrOj,  is,  according  to  Glaus,  the  most 
easily  prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is 
always  deposited  in  the  form  of  a  bulky,  indigo-coloured  hydrate 
Ir02.2H20,  when  a  solution  of  either  of  the  chlorides  of  iridium 
or  their  double  salts  is  boiled  with  an  alkali ;  but  it  always  retains 
3  or  4  per  cent,  of  the  alkali.  The  hycbate  may  be  obtained  by 
dissolving  the  hycbated  sesquioxide  in  potash  and  treating  the  solu- 
tion with  an  acid.  It  dissolves  in  acids,  forming  solutions  which  are 
dark-brown  when  concentrated,  reddish-yeUow  when  dilute. 

The  trioxide,  or  Periridic  oxide,  IrOg,  is  not  known  in  the  free 
state,  but  is  formed  in  combination  with  potash,  when  iridium  is 
fiised  for  some  time  with  nitre.  The  resulting  blackish-green  mass 
dissolves  m  water,  forming  a  deep  indigo-coloured  solution  of  basic 
potassium  periridiate,  leaving  a  black  crystalline  powder  consisting 
01  acid  perindiate.t 

Iridium,  like  the  other  platinum  metals,  shows  but  little  tendency 
to  lorm  oxygen  salts.  The  oxides  dissolve  in  acids,  but  no  definite 
salts  are  obtained  in  this  vay.  The  solution  of  iiidic  oxide  in 
sulphuric  acid  has  a  dark-brown  colour,  which  is  not  modified  by 

*  Offler,  Ueber  die  lodmerbindungen  des  Iridiums.   Gottingeu,  1857. 
t  Claus,  Ann.  Ch.  Pham.  lix.  249.   ,  e    >  < 
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potasli  in  the  same  manner  as  that  of  the  dichloride,  neither  does 
yield  any  blue  precipitate  on  boiling. 

The  only  definite  oxygen-salts  of  iridium  that  have  been  obtained 
are  double  salts  containing  sulphurous  and  dithionic  acids. 

Hypo-iridoso-potassic  Sulphite,  IrSOg.SKgSOg,  is  obtained  as  a 
white  crystalline  powder,  when  the  mother-liquor  obtained  in  pre- 
paring potassium  chloriridite  by  passing  sulphurous  oxide  through 
a  solution  of  the  chloriiidate,  is  evaporated  to  a  small  bulk. 

Siilphides. — Three  sulphides  of  iridium  are  known,  analogous 
to  the  first  thi-ee  oxides  above  described.  The  sesquisidpliide  and 
disulpMde  are  obtained  as  brown-black  precipitates  by  treating 
the  solutions  of  the  trichloride  and  tetrachloride  respectively  vdth. 
hydrogen  sulphide.  The  monosulphide  is  a  greyish-black  substance 
obtained  by  decomposing  either  of  the  higher  sulphides  in  a  close 
vessel. 

Ammoniacal  Compounds  of  Iridium. — The  chlorides  of  iridos- 
ammowMmandmdosodmmmonMm,Ir(NH3Cl)2andIr[NH2(NH4)Cl]2, 
together  with  the  corresponding  sulphates,  are  prepared  like  the 
platinous  compounds  of  analogous  composition,  which  they  also  re- 
semble in  their  properties.   The  nitmtochloride,  Ii^^jJg^^jq'g^^Q]^'' 

is  formed  by  heating  the  chloride,  Ir  (NH3C1)2,  with  strong  nitric 
acid.  Iridiodiammonium  chloride,  Cl2lr[NH2(NH^)Cl]2,  is  obtained 
as  a  violet  precipitate  by  treating  the  nitrate  just  mentioned  with 
hydrochloric  acid.* 

The  compound,  lONHj.IrjCL,  analogous  to  the  rhodium-compound 
above  described  (p.  522),  but  having  no  analogue  in  the  platinmn 
series,  is  obtained  as  a  flesh-coloured  crystalline  powder  by  pro- 
longed digestion  of  ammonium  chloriridiate  with  warm  aqueous 
ammonia.  The  corresponding  carbonate,  nitrate,  and  sulphate  have 
also  been  prepared,  t 

Iridic  solutions  (containing  the  dioxide  or  tetrachloride)  are  of  a 
dark  brown-red  colom' ;  ii-idious  solutions  (containing  the  sesqui- 
oxide  or  trichloride)  have  an  olive-green  colour.  The  characters  of 
an  iridic  solution  are  best  observed  with  sodiimi  chloriridiate,  all  the 
other  iridic  compounds  being  but  slightly  soluble. 

Iridic  solutions  give  with  ammonium  or  piotassium  chloride  a  crys- 
talline precipitate  of  ammonium  or  potassium  chloriridiate,  which 
is  distinguished  fi'om  the  corresponding  platinum  precipitate  by  its 
dark  brown-red  colour,  and  further  by  its  reduction  to  soluble  clilor- 
iridite  when  treated  with  solution  of  hydi'ogen  sulpiride.  This  re- 
action serves  for  the  separation  of  iridium  from  platinum. 


*  S  Ic  o  b  1  i  k  0  f  f,  Anu.  Ch.  Pbarm.  Ixxxiv.  275. 

•)•  Claus,  Beitriigezur  Chemie  der  Platinvietalle.   Dorpat,  1854. 
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RUTHENIUlVr. 

Atomic  weight,  104 Symbol,  Eu. 

This  metal,  discovered  by  Glaus  in  1846,  occurs  in  platinum  ore 

and  chiefly  in  osmiiidium,  of  which  there  are  two  varieties  one 

scaly,  consisting  almost  wholly  of  osmium,  iridium,  and  iiithenium  ; 
while  the  othei",  which  is  granular,  contains  but  mere  traces  of  os- 
mium and  ruthenium,  but  is  very  rich  in  iridiiun  and  rhodium 
To  obtain  ruthenium  scaly  osmiridium  is  heated  to  bright  red- 
ness in  a  porcelain  tube,  through  which  a  current  of  air  (freed  from 
carbonic  acid  by  passing  through  potash,  and  from  organic  matter 
by  passing  thi-ough  oil  of  vitriol),  is  drawn  by  means  of  an  aspirator. 
The  osmium  and  ruthenium  are  thereby  oxidised,  the  former  bein^ 
carried  forward  as  tetroxide  and  condensed  in  caustic  potash  soki^ 
tion,  while  the  ruthenium  oxide  remains  behind,  together  with 
indium ;  and  by  fusing  this  residue  with  potassiimi  hycboxide,  treat- 
ing the  mass  with  water,  and  leaving  the  liquid  in  a  corlied  bottle 
for  about  two  hours  to  clarify,  an  orange-coloiu-ed  solution  of  potas- 
siiun  rutheniate  is  obtained,  which,  when  neutralised  with  nitric 
acid,  deposits  velvet-black  ruthenium  sesquioxide,  and  this,  when 
washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal. 
_  Ruthenium,  thus  prepared,  forms  porous  lumps  very  much  like 
iridium,  and  is  moderately  easy  to  pulverise.  It  is  the  most  refractory 
of  all  metals  except  osmium.  Deville  and  Debray  have,  however 
fused  it  by  placing  it  in  the  hottest  part  of  the  oxyhydrogeu  flame' 
After  fusion  it  has  a  density  of  11-4 ;  that  of  the  porous  m°e tal  is  8-6. 

Euthemum  is  scarcely  attacked  by  nitromiu-iatic  acid.  It  is,  how- 
ever, more  easily  oxidised  than  platinum,  or  even  than  silver. 
When  pure  it  is  easily  oxidised  by  fusion  with  potassium  hydroxide' 
stiU  more  easily  on  addition  of  a  small  quantity  of  nitrate  or  chlorate' 
producmg  potassium  rutheniate,  which  dissolves  in  water  with 
orange-yellow  colour. 

Chlorides.— Ruthenium  forms  three  chlorides,  RuClj,  RuClg,  and 

The  dichloride,  RuClg,  is  produced,  together  with  the  trichloride 
by  Igniting  pulverised  ruthenium  in  a  stream  of  chlorine,  the  tri- 
chloride then  volatilising,  while  the  dicliloride  remains  in  the  fonn 
of  a  black  crystalline  powder,  insoluble  in  water  and  in  all  acids, 
even  nitro-munatic  acid,  and  only  partiaUy  decomposed  by  alkaUs. 
A  soluble  dichloride  is  fonned  by  passing  sulphydric  acid  gas  into 
a  solution  of  the  trichloride,  a  brown  sulphide  being  then  pre- 
cipitated, and  the  solution  acquiring  a  fine  blue  colour. 
_  The_  trichloride,  or  Ruthenious  chloride,  RuCl,,,  prepared  by  pre- 
cipitating a  solution  of  potassic  rutheniate  with 'an  acid,  dissolvinc^ 
the  precipitated  black  oxide  in  hydrochloric  acid,  and  evaporating^ 
18  a  yellow-brown,  crystalline,  very  deliquescent  mass,  becoming 
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dark-green  and  hlwe  at  certain  points  when  strongly  heated.  It  dis- 
solves easily  in  water  and  in  alcohol,  leaving  a  small  quantity  of  a 
yellow  insoluble  salt. 

The  concentrated  solution  of  ruthenious  chloride,  mixed  with 
concentrated  solutions  of  the  chlorides  of  potassium  and  ammonium, 
yields  the  double  salts,  RuClg.aKCl  and  RuClg.aNH^Cl,  in  the  form 
of  crystalline  precipitates,  with  ^dolet  uidescence,  very  slightly 
soluble  in  water,  insoluble  in  alcohol. 

The  tetrachloride,  or  Ruthenic  chloride,  EUCI4,  is  known  only  in  its 
double  salts.  The  potassium  salt,  EUCI4.2KCI,  is  prepared  by  mixuig 
a  solution  of  ruthenic  hydrate  in  hydrochloric  acid  with  potassium 
chloride,  and  evaporating  to  the  crystallising  point.  It  is  brown, 
with  rose-coloured  iridescence,  very  soluble  in  water,  but  insoluble 
in  alcohol.  The  ammonium  salt,  iRuCl4.2NH4Cl,  is  prepared  Like 
the  potassium  salt,  which  it  resembles  closely. 

Oxides. — Ruthenium  forms  five  oxides,  viz.,  RuO,  Ru.,03,  RuOj, 
EuOg,  and  RuO^,  the  fourth,  however,  being  kno\ra  only  in  com- 
bination. 1       T  T  1     •  1  -XV 

The  monoxide,  RuO,  obtained  by  calcining  the  dichloride  with 
sodium  carbonate  in  a  cm-rent  of  carbon  dioxide,  and  washing  the 
residue  with  water,  has  a  dark-grey  colour  and  metallic  lusti-e  ;  is 
not  acted  upon  by  acids  ;  but  is  reduced  by  hydrogen  at  ordinary 
temperatures. — The  sesquioxide,  or  Buthenious  oxide,  RugOg,  is  a 
bluish-black  powder,  formed  by  heating  the  metal  in  the  arr.  The 
corresponding  hydrate,  RujOg-SHgO,  or  RuHgOg,  is  obtaiued  by  pre- 
cipitating ruthenious  chloride  with  an  alkaline  carbonate,  as  _a 
blacldsh-brown  substance  which  dissolves  with  yeUow  colour  in 
acids.— The  dioxide,  or  Ruthenic  oxide,  RuOj,  is  a  black-blue  powder, 
obtained  by  roasting  the  disulphide.  Ruthenic  Hydrate,  RuOj-SHgO 
or  RUH4O4,  is  obtained  as  a  gelatiuous  precipitate  by  decomposing 
potassium  chlororutheniate  with  sodium  carbonate.— The  tnoxide, 
RuOg,  commonly  called  ruthenic  acid,  is  known  only  as  a  potassium 
salt,  which  is  obtained  by  igniting  ruthenium  with  caustic  potash 
and  nitre  :  it  forms  an  orange-yeUow  solution. — The  tetroxide, 
RUO4,  is  a  volatile  compound,  analogous  to  osniic  tetroxide,  obtained 
by  heating  ruthenium  with  potash  and  nitre,  in  a  silver  crucible, 
dissolving  the  fused  mass  in  water,  and  passmg  chloriae  through 
the  solution  in  a  tubulated  retort,  connected  by  a  condensing  tube 
with  a  receiver  containing  potash.  The  tetroxide  then  passes  over 
and  condenses  in  the  neck  of  the  retort  and  in  the  tube,  as  a  golden- 
yellow  crystalline  crust,  which  melts  between  50°  and  60".  It  is 
heavier  than  oil  of  vitriol,  dissolves  slightly  in  water,  readily  in 
hydrochloric  acid,  forming  a  solution  easily  decomposed  by  alcohol, 
sulphurous  acid,  and  other  reducing  agents. 

'  Sulphides. — Hydrogen  sulphide,  passed  into  a  solution  of  either  of 
the  chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting  of 
ruthenium  sulphide  and  oxysulphide  mixed  with  free  sulphur.  The 
blue  solution  of  the  dichloride  yields  a  dark-brown  sesqmsulphide, 
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111^,83..  Wlien  hydrogen  sulphide  is  passed  for  a  long  lime  into  a 
solution  of  the  trichloride,  ruthenium  disulphide,  EuSg,  is  formed, 
as  a  brown-yellow  precipitate,  becoming  dark-brown  by  calcination. 

Ammoniacal  Ruthenium  Compounds. — Tctravimonio-hvporu- 
tJienious  Chloride,  4NH3.RuCl2.3H2O  or  Ru[NH2(NH^)Cl]3.3H20, 
is  formed  by  boiling  the  solution  of  ammonium  "chlororntheniate 
(RuCl^.aNH^Cl)  -with  ammonia.  It  forms  golden-yellow  oblique 
rhombic  crystals,  very  soluble  in  water,  insoluble  in  alcohol. 
Treated  with  silver  oxide,  it  yields  the  corresponding  oxide, 
4NH3RUO,  which,  however,  is  decomposed  by  evaporation  of  its 
solution,  giving  off  half  its  ammonia,  and  leaving  the  compound, 
2NH3.RUO.  The  carbonate,  nitrate,  and  sulphate,  obtained  by 
treating  this  last-mentioned  oxide  with  the  corresponding  silver 
salts,  form  yellow  crystals. 

The  compoimds  of  ruthenium  may  readily  be  distinguished  from 
those  of  the  other  platinum-metals,  by  fusing  a  few  milligrams  of 
the  substance  in  a  platinum  spoon,  with  a  large  excess  of  nitre, 
lea\dng  it  to  cool  when  it  ceases  to  froth,  and  dissolving  the  cooled 
niass  in  a  little  distilled  water.  An  orange-yellow  solution  of  potas- 
sium rutheniate  is  thus  formed,  which  on  addition  of  a  di-op  or  two 
of  nitric  acid,  yields  a  bulky,  black  preciiaitate ;  and  on  adding 
hydrochloric  acid  to  the  liquid,  with  the  precipitate  still  in  it,  and 
heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  forming  a 
solution  which  has  a  fine  orange-yellow  colour  when  concentrated, 
and  when  treated  with  hydrogen  sidphide,  till  it  becomes  nearly 
black,  yields  a  filtrate  of  a  splendid  sky-blue  colour.  Characteristic 
reactions  are  also  obtained  with  potassium  sidphocyanate,  which 
colours  the  liquid  deep  red,  changing  to  violet  on  heating,  and  with 
had  acetate,  which  forms  a  pm-ple-red  precipitate. 


OSMIUM. 

Atomic  weight,  199-2.    Symbol,  0.s. 

The  separation  of  this  metal  from  iridium,  ruthenium,  and  the 
other  inetals  with  which  it  is  associated  in  native  osmiridium,  and 
in  platmum  residues,  depends  chiefly  on  its  ready  oxidation  with 
nitric  or  nitromuriatic  acid,  or  by  ignition  in  air  or  oxygen,  and  the 
volatility  of  the  oxide  thus  produced. 

To  prepare  metallic  osmium,  the  solution  obtained  by  condensing 
the  vapour  of  osnnura  tetroxide  in  potash  (p.  527)  is  mixed  with 
exce.ss  of  hydrochloric  acid,  and  digested  with  mercury  in  a  well- 
closed  bottle  at  40^.    The  osmium  is  then  reduced  by  the  mercury 
and  an  amalgam  is  formed,  which,  when  distilled  in  a  stream  of 
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hydrogen  till  all  the  mercury  and  calomel  are  expelled,  leaves 
metallic  osmium  in  the  form  of  a  hlack  powder  (Berzelius).  The 
metal  may  also  be  obtained  by  igniting  ammonium  chloro-osmite 
with  sal-ammoniac. 

_  The  properties  of  osmium  vary  according  to  its  mode  of  prepara- 
tion. In  the  pulverulent  state  it  is  black,  destitute  of  metallic  lustre, 
which,  hoM^ever,  it  acquires  by  burnishing  ;  in  the  compact  state, 
as  obtained  by  Berzelius's  method  above  described,  it  exhibits 
metallic  lustre,  and  has  a  density  of  10.  Deville  and  Debray,  by 
igniting  precipitated  osmium  sulphide  in  a  crucible  of  gas-coke,  at 
the  meltiag  heat  of  nickel,  obtained  it  in  bluish-black,  easily 
divisible  lumps.  When  heated  to  the  melting-point  of  rhodium,  it 
becomes  more  compact,  and  acquires  a  density  of  21-3  to  21-4.  At 
a  stni  higher  temperature,  capable  of  melting  ruthenium  and  iridium, 
and  volatilising  platinum,  osmium  likewise  volatilises,  but  still 
does  not  melt ;  in  fact,  it  is  the  most  refractory  of  all  metals. 

Osmium  in  the  finely  divided  state  is  highly  combustible,  con- 
tinuing to  burn  when  set  on  fire,  tiU  it  is  all  volatUised  as  tetroxide. 
In  this  state  also  it  is  easily  oxidised  by  nitric  or  nitromuriatic 
acid,  being  converted  into  tetroxide.  But  after  exposiu-e  to  a  red 
heat,  it  becomes  less  combustible,  and  is  not  oxidised  by  nitric 
or  nitromimatic  acid.  Osmium  which  has  been  heated  to  the 
meltmg  point  of  rhodium,  does  not  give  off  any  vapour  of  tetroxide 
when  heated  in  the  air  to  the  melting  point  of  zinc,  but  takes  fire  at 
higher  temperatures. 

Osmium  Chlorides. — Osmium  forms  three  chlorides,  analogous 
to  those  of  iridium  and  ruthenium.  When  it  is  heated  in  dry 
chlorine  gas,  there  is  formed,  first  a  blue-black  sublimate  of  the 
dichloride,  then  a  red  sublimate  of  the  tetrachloride.  The  clichloridc, 
or  Jmjpo-osmious  chloride,  dissolves  in  water  vnth  dark  violet-blue 
colour.  It  is  likewise  formed  by  the  action  of  reducing  agents  on 
either  of  the  higher  chlorides,  into  which,  on  the  other  hand,  it  is 
easdy  converted  by  oxidation.  The  addition  of  potassium  chloride 
renders  it  more  stable,  by  forming  a  double  salt.  The  trichloride, 
OsClj,  has  not  been  isolated,  but  is  contained  in  the  solution  ob- 
tained by  treating  the  sesquioxide  with  hydi'ochloric  acid.  It 
forms  double  salts  with  alkaUne  chlorides.  The  fotassium  salt, 
OsCl3.3KCl.3H2O,  is  produced,  together  with  potassium  chloros- 
mate,  when  a  mixtm'e  of  pulverised  osmium  and  potassium  chloride 
is  ignited  in  chlorine  gas ;  it  forms  dark  red-brown  crystals. 

The  tetrachloride,  or  Osmic  chloride,  OsCl^,  is  the  red  compound 
which  constitutes  the  principal  part  of  the  product  obtained  by 
igniting  osmium  in  chlorine  gas.  It  dissolves  with  yellow  colour 
in  water  and  alcohol,  and  is  decomjjosed  quicldy  in  dilute  solution, 
more  slowly  in  presence  of  hydi-ocliloric  acid  or  metallic  chlorides, 
yielding  a  black  precipitate  of  osmic  oxide,  and  a  solution  of  osmium 
tetroxide  in  hydrochloric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals, 
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forming  salts  sometimes  called  o s ml o chlorides,  or  cliloros- 
mate8._  From  the  solutions  of  these  salts,  hydrogen  sulphide  and 
ammonium  sulphide  slowly  precipitate  a  yellow-brown  sulphide,  in- 
soluble ill  alkaline  sulpirides  ;  silver  nitrate  forms  an  olive-green  ; 
stannous  chloride,  a  brown  precipitate.  Tannic  acid,  on  heating, 
produces  a  blue  colour,  but  no  precipitate ;  jiotassium  ferrocyanide, 
first  a  green,  then  a  blue  colour  ;  potassium  iodide,  a  deep  purple- 
red  colour.  Potash  gives  a  black,  ammonia  a  brown  precipitate, 
slowly  ill  the  cold,  immediately  on  boiling.  Metallic  zinc  and  sodium 
formate  thi'ow  do-\vn  metallic  osmium. 

Sodium  osmiochloride,  OsCl4.2NaCl,  prepared  by  heating  a  mixture 
of  osmium  sulpiride  and  sodium  chloride  in  a  current  of  chlorine, 
crystallises  in  orange-coloured  rhombic  prisms,  an  inch  long,  easily 
soluble  in  water  and  in  alcohol.  The  potassium  and  animonitim 
salts,  of  analogous  composition,  are  obtained  as  red-brown  crys- 
talline precipitates  on  addiug  sal-ammoniac  or  potassium  chloride 
to  the  solution  of  the  sodium  salt. 

Oxides.  —  Osmium  forms  five  oxides  analogous  to  those  of 
ruthenium.  The  monoxide,  or  hypo-osmious  oxide,  OsO,  is  obtained  by 
igniting  hypo-osmious  sulphite  iu  a  stream  of  carbonic  acid  gas ; 
also  as  a  blue-black  hydrate,  by  heating  the  same  salt  with  strong 
potash  solution  in  a  closed  vessel.  Hyim-osmious  sulpihite,  OsSO^ 
or  OsO.SOj,  is  a  black-blue  salt,  produced  by  mixing  the  aqueous 
solution  of  osmium  tetroxide  with  sulphurous  acid. — The  sesqidoxide 
or  osmious  oxide,  Osfi^,  is  obtained  by  heating  either  of  the  double 
salts  of  the  trichloride  with  sodium  carbonate  in  a  stream  of  car- 
bonic acid  gas.  It  is  a  black  powder,  insoluble  in  acids.  The  hydrate, 
obtained  by  precipitation,  has  a  dii-ty  brown-red  colour,  is  soluble 
in  acids,  but  does  not  yield  pure  salts. 

The  dioxide,  or  Osmic  oxide,  OsOg,  is  obtained  as  a  black  insoluble 
owder,  by  heating  potassium  osmiochloride  with  sodium  car- 
onate  in  a  stream  of  carbonic  acid  gas,  or  in  copper-red  metallic 
shining  lumps,  by  heating  the  corresponding  hydrate.  Osmic  hydrate^ 
OSO2.2H2O,  is  obtained  by  precipitating  a  solution  of  potassium 
osmio-chloride  with  potash,  at  the  boiling  heat,  or  in  greater  purity 
by  mixing  a  solution  of  potassic  osmite,  KgO.OsOo,  with  dilute 
nitric  acid. 

The  trioxide,  OsOg,  is  not  known  in  the  fi-ee  state,  but  coml^ines 
with  alkalis,  forming  salts  called  osmites,  which  are  produced  by 
me  action  of  reducing  agents  on  the  tetroxide  in  presence  of  alkahs. 
The  potassium  salt,  K2O.OsO3.2HoO,  is  a  rose-coloured  crystalline 
powder. 

The  tetroxide,  OsO^,  commonly  called  osmic  acid,  is  the  volatile, 
strong-.smelling  compound,  formed  when  osmium  or  either  of  its 
lower  oxides  is  heated  in  the  air,  or  treated  with  nitric  or  nitro- 
mimatic  acid.  It  may  be  prepared  by  heating  osmium  in  a  cm-rent 
of  oxygen  gas,  and  condenses  in  the  cool  j>art  of  the  apparatus  in 
colourless,  transparent  crystals.    It  melts  below  I0()^  and  boils  at 
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a  temperatui'e  a  little  above  its  meltkig  j)oint.  Its  vapour  has  an 
intolerably  pungent  odour,  attacks  the  ej^es  strongly  and  painfully, 
and  is  excessively  poisonous.  Osmium  tetroxide  is  dissolved  slowl}', 
but  in  considerable  quantity  by  water,  forming  an  acid  solution. 
It  is  a  powerful  oxidising  agent,  decolorising  indigo-solution, 
separating  iodine  from  potassium  iodide,  converting  alcohol  into 
aldehyde  and  acetic  acid,  &c.  It  dissolves  in  alkalis,  forming  yeUow- 
red  sokitions,  which  are  inodorous  when  cold,  but  when  heated,  give 
off  the  tetroxide  and  free  oxygen,  leaving  a  residue  of  alkaline  osmite. 

Sulphides.— Osmioni  burns  in  sulphur- vapour.  Five  sulphides 
of  osmium  are  said  to  exist,  analogous  to  the  oxides,  the  first  four 
being  produced  by  decomposing  the  corresponding  chlorides  with 
hydrogen  sulpliide,  and  the  tetrasulphide  by  passing  that  gas  into  a 
solution  of  the  tetroxide.  The  last  is  a  sulphur-acid,  perfectly 
soluble  iu  water,  whereas  the  others  are  sulphur-bases,  slightly 
soluble  in  water,  and  forming  deep  yellow  solutions. 

Ammoniacal  Osmium  Compounds. — A  cold  solution  of  potas- 
sium osmite,  mixed  with  sal-ammoniac,  jdelds  a  yellow  crj^staUine 
precipitate,  consisting,  according  to  Clans,  of  hyclratecl  osmcmnmo- 
nium  chloride,  Os(NH3Cl)2.  An  ac|ueous  solution  of  the  tetroxide 
treated  with  ammonia,  yields  a  brown-black  powder,  consisting  of 

N^HsOsOg,  or  0  =  Os<^^§3^0-(-H20. 

OsMiAMic  Acid,  HgOsgNgOg. — The  potassium  salt  of  this  bibasic 
acid,  K2OS2N2O5,  is  i^roduced  by  the  action  of  ammonia  on  a  hot 
solution  of  osmium  tetroxide  in  excess  of  potash  : 

6OSO4  +  8NH3  -1-  6KH0  =  3K2OS2N2O5  +  I5H2O  +  N2 . 

It  separates  as  a  yellow  crystalline  powder,  and  its  solution, 
treated  with  sUver  nitrate,  yields  a  precipitate  of  silver  osmiamate, 
Ag20s2N205,  from  which  the  aqueous  acid  may  be  prepared  by 
decomposition  with  hydi-ochloric  acid.  It  is  a  strong  acid,  decom- 
posing, not  only  the  carbonates,  but  also  the  chlorides,  of  potassium 
and  sodium.  The  osmiamates  of  the  alkali-metals  and  alkaline 
earth-metals  are  soluble  in  water ;  the  lead,  mercury,  and  silver 
salts  are  insoluble. 

All  osmium  compounds,  when  heated  with  excess  of  nitric  acid, 
give  off  the  unpleasant  odour  of  osmium  tetroxide.  By  ignition  in 
hydrogen  gas,  they  are  reduced  to  metallic  osmiimi,  which,  as  well 
as  the  lower  oxide,  emits  the  same  odour  when  heated  in  contact 
with  the  air.  The  reactions  of  osmium  salts  in  solution  have 
already  been  described. 
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HYDEOMETEE.  TABLES, 


Table  I. — Compaeison  of  the  degrees  of  baum:i5's  hydkometer 

WITH  THE  REAL  SPECIFIC  GRAVITIES. 


For  Liquids  Heavier  than  Water. 


Degrees. 

Specific 

Grnvif'iV 

Degrees. 

Specific 

Gi*n  vifjV 

Degrees. 

Specific 

VJJ  tiiv  I  , 

0 

1-000 

26 

1-206 

52 

1-520 

1 

1-007 

27 

1-216 

63 

1-535 

2 

1-013 

28 

1-225 

54 

1-551 

3 

1-020 

29 

1-235 

55 

1-567 

4 

1-027 

30 

1-245 

56 

1-583 

5 

1-034 

31 

1-256 

57 

1-600 

6 

1-041 

32 

1-267 

58 

1-617 

7 

1-048 

33 

1-277 

69 

1-634 

8 

1-056 

34 

1-288 

60 

1-652 

9 

1063 

35 

1-299 

61 

1-670 

10 

1-070 

36 

1-310 

62 

1-689 

11 

1-078 

37 

1-321 

63 

1-708 

12 

1-085 

38 

1-333 

64 

1-727 

13 

1-094 

39 

1-345 

65 

1-747 

14 

1-101 

40 

1-357 

66 

1-767 

15 

1-109 

41 

1-369 

67 

1-788 

16 

1-118 

42 

1-381 

68 

1-809 

17 

1-126 

43 

1-395 

69 

1-831 

18 

1-134 

44 

1-407 

70 

1-864 

19 

1-143 

45 

1-420 

71 

1-877 

20 

1-152 

46 

■)  -434 

72 

1-900 

21 

1-160 

47 

1-448 

73 

1-924 

22 

1-169 

48 

1  -462 

74 

1-949 

23 

1-178 

49 

1-476 

75 

1-974 

24 

1-188 

50 

1  -490 

76 

2-000 

2.5 

1-197 

51 

1-495 

634 
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TABLE  II, 

Baumi's  Hydrometer  for  Liquids  Lighter  than  Water. 


Dcffi'ces. 

Specific 
Gravity. 

Degrees. 

Specific 

\J  LLLVl  L  V  ■ 

Degrees. 

Specific 
Gravity, 

10 

1  "000 

97 

A  A 

0-811 

11 

0'993 

u  oyi' 

40 

0  807 

12 

0-986 

29 

0-885 

46 

0-802 

13 

0-980 

30 

0-880 

47 

0-798 

14 

0-973 

31 

0-874 

48. 

0-794 

15 

0-967 

32 

0-869 

49 

0-789 

16 

0-960 

33 

0-864 

50 

0-785 

17 

0-954 

34 

0-859 

51 

0-781 

18 

0-948 

35 

0-854 

62 

0-777 

19 

0-942 

36 

0-849 

53 

0-773 

20 

0-936 

37 

0-844 

54 

0-768 

21 

0-930 

38 

0-839  . 

55 

0-764 

22 

0-024 

39 

0-834 

56 

0-760 

23 

0-918 

40 

0-830 

57 

0-757 

24 

0-913 

41 

0-825 

58 

0-753 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0-901 

43 

0-816 

60 

0-745 

These  two  tables  are  on  the  authority  of  Francojur :  they  are  taken 
form  the  Handworterhuch  der  Chemie  of  Liebig,  Poggendorff  and  Wohler. 
Baume's  hydrometer  is  very  commonly  used  on  the  Continent,  especially 
for  liquids  heavier  than  water.  For  lighter  liquids  the  hydrometer  of 
Cartier  is  often  employed  in  France.  Cartier's  degrees  differ  but  Uttle 
from  those  of  Baume. 

In  the  United  Kingdom,  Twaddell's  hydrometer  is  a  good  deal  used  for 
dense  liquids.  This  instrument  is  so  graduated  that  the  real  specific 
gravity  can  be  deduced  by  an  extremely  simple  method  from  the  degree 
of  the  hydrometer ;  namely,  by  multiplying  the  latter  by  5,  and  adding 
1000  ;  the  sum  is  the  specific  gravity,  water  being  1000.  Thus  lo", 
Twaddell  indicates  a  specific  gravity  of  1050,  or  1-05;  90°  Twaddell 
1450,  or  1-45. 

In  the  Customs  and  Excise,  Sikes's  hydrometer  is  used. 
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TABLE  III. 
ABSTEACT 

OF  regnault's  table  of  the  maximum  tension  of  water- vapour, 

AT  BIFFEEENT  TEMPERATURES,  EXPRESSED  IN  MILLIMETERS  OF 
MERCURY. 


T 

Tension, 
millimetei's. 

TeDipGrature. 

Tension, 
millimeters. 

-  32°  C. 

0-320 

.    100°  c. 

760-000 

30 

0-386 

105 

906-410 

25 

0-605 

110 

1075-370 

20 

0-927 

115 

1269-410 

15 

1-400 

120 

1491-280 

10 

2-093 

125 

1743-880 

5 

3-113 

130 

2030-280 

0 

4-600 

135 

2353-730 

+  5 

6-534 

140 

2717-630 

10 

9-165 

145 

3125-55 

15 

12-699 

150 

3581-23 

20 

17-391 

155 

4088-56  : 

25 

23-550 

160 

4651-62  ' 

30 

31-548 

165 

5274-54 

35 

41-827 

170 

6961-66 

40 

64-906 

175 

6717-43  1 

45 

71-391 

180 

7546-39  ' 

50 

91-982 

185 

8453-23  ; 

65 

117-478 

190 

9442-70  ; 

60 

148-791 

195 

10519-63  j 

65 

186-945 

200 

11688-96 

70 

233-093 

205 

12955-66 

75 

288-517 

210 

14324-80 

80 

354-643 

215 

15801-33 

85 

4.33-041 

220 

17390-36 

90 

625-450 

225 

19097-04 

95 

C33-778 

230 

20926-40 
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TABLE  IV. 
WEIGHTS  AND  MEASUEES. 


480  grains  Troy  =  1  oz.  Troy. 

437"5  ,,        =  1  oz.  Avoirdupois. 

7000  ,,        =  1  lb.  Avoirdupois. 

5760  ,.        =  1  lb.  Troy. 


The  imperial  gallon  contains  of  water  at  62°  F.  (161°  C.)  70,000  grain.s. 

Til e  pint  (-1  of  gallon)   8,750  ,, 

The  fluid  ounce  (^V  of  pint)        ....         437-5  ,, 
The  pint  equals  Si'oQ  cubic  inches. 
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TABLE  VI. 


S'VERTma  DEGREES  OF  THE  CENTIGRADE  THERMOMETER 
DEGREES  OF  FAHRENHEIT'S  SCALE. 


Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

-  90° 

-  130° 

1 

-  DU 

-  7d 

-30° 

-  22° 

85 

121 

00 

d7 

25 

13 

80 

112 

ou 

58 

20 

4 

75 

103 

^0 

4y 

15 

+  5 

70 

94 

AO 

40 

10 

14 

65 

85 

OD 

31 

5 

23 

0° 

+  32° 

4- 1  nn° 
^  ±\j\j 

+  212 

+  200° 

+  392° 

+  5 

41 

221 

205 

401 

10 

50 

Tin 

230 

210 

410 

15 

59 

115 

239 

215 

419 

20 

68 

120 

220 

428 

25 

77 

125 

OCT 

257 

225 

437 

30 

86 

130 

MO 

230 

446 

35 

95 

135 

235 

455 

40 

104 

140 

^04: 

240 

464 

45 

113 

145 

245 

473 

50 

122 

160 

250 

482 

55 

131 

155 

311 

265 

491 

DU 

lii) 

160 

320 

260 

500 

65 

149 

165 

329 

265 

509 

70 

158 

170 

338 

270 

618 

75 

167 

175 

347 

275 

527 

80 

176 

180 

356 

280 

536 

85 

185 

185 

365 

286 

545 

90 

194 

190 

374 

290 

564 

95  1 

203 

195 

383 

295 

663 

1°C. 

1-8° 

F. 

2 

3-6 

3 

6-4 

4 

7-2 
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TABLE  VII. 


WEIGHT  OF  ONE  CUBIC  CENTIMETER  OF  ATMOSPHEBIC  AIK,  IN  GKAMS,  AT 
DEFFEEENT  TEMPEEATUEES,  FOE  EVEET  5  DEGEEES  FEOM  0  TO  300°  C. 
AT  760  MM. 


Difference,  j 

1 

Difference. 

0 

23 
22 
22 
21 
20 
20 
19 
18 
17 
17 
17 
17 
16 
15 
15 
14 
14 

13 
13 
13 
12 
12 
11 
11 
11 
11 
11 
10 
10 

100 

A  •nnns9i 

9 

5 

0'001270 

iou 

9 

10 

0  001is4» 

loo 

A  -nnAQAfi 

9 

15 

0  OOliib 

1  /  u 

f)  'fifinVQ? 
u  u vu / y / 

9 

20 

0  OOlzOo 

X  /o 

A  "AAAVfift 

9 
9 
8 

25 

0  001185 

loU 

30 

0  OOlloo 

ioO 

35 

r\.AAT1  AC! 

0  00114O 

1  OA 

A  •AAA7fi9 

8 

40 

0  001128 

1  op; 

8 

45 

0  001111 

zuu 

A  •AnA7ifi 

8 

50 

OAK 

A-nflA7^R 

8 

55 

0  00107/ 

9T  A 

8 

dO 

A  . AA1  f\Cif\ 

0-000799 

7 
7 
7 

65 

0  001044 

OOA 

A  '00071 

70 

0  001029 

10 

A  .AAi  m  A 

0 '000701 

7 

80 

0-001000 

235 

0-000694 

7 

85 

0-000986 

240 

0-000687 

7 
6 

90 

0-000972 

245 

0-000680 

95 

0-000959 

250 

0-000674 

6 

100 

0-000946 

255 

0-000668 

6 

105 

0-000933 

260 

0-000662 

6 

110 

0-000921 

265 

0-000656 

6 

115 

0-000909 

270 

0-000650 

6 
6 

120 

0-000898 

275 

0-000644 

125 

0-000887 

280 

0-000638 

6 

130 

0-000876 

285 

0-000632 

G 

135 

0-000865 

290 

0-000626 

5 

140 

0-000854 

295 

0-000621 

5 

145 

0-000844 

300 

0-000616  . 

150 

0-000834 

The  column  of  Differences  is  intended  to  facilitate  tlie  calculation  of 
the  intermediate  values.  Thus  to  find  the  weight  of  1  cub.  cent,  of  air  for 
52°,  we  must  add  to  the  weight  for  50",  two-fifths  of  the  diflference  (1 7) 
between  this  and  the  number  for  55  degrees  :  thus 

Weight  of  1  cub.  cent,  of  air  at  50°  =  0'001094 

Add  I  of  17  =   7_ 

Weight  of  1  cub.  cent,  of  air  at  55°  -  0-01101. 
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TABLE  VIII. 

FOR  THE  CALCULATION  OF  l^O'-QQ^Qft  •     (ScC  2KUJC  h?>). 


i 



t 

t 

t 

1 

1 

0 

■99634 

31 

0 

■89785 



ol 

0 

•81708 

91 

0 

■74964 

121 

0 

■69249 

2 

0 

•99271 

32 

0 

•89490 

62 

0 

•81464 

92 

0 

■74758 

122 

0 

■69073 

o 

6 

0 

"98911 

33 

0 

■89197 

63 

0 

•81221 

93 

0 

■74554 

123 

0 

•68899 

i 

A 

u 

'98553 

O  f 

34 

0 

■88906 

64 

0 

•80979 

94 

0 

■74351 

124 

0 

■68725 

a 

A 

0 

98198 

35 

0 

■88617 

65 

0 

•80740 

95 

0 

■74148 

125 

0 

■68552 

D 

A 

0 

9/o4o 

36 

0 

■88330 

66 

0 

•80501 

96 

0 

■73947 

126 

0 

■68380 

7 

0 

97495 

37 

0 

■88044 

67 

0 

•80264 

97 

0 

■73747 

127 

0 

■68209 

o 
8 

0 

'97148 

38 

0 

■87761 

68 

0 

•80068 

98 

0 

73548 

128 

0 

■68038 

9 

0 

96803 

39 

0 

■87479 

69 

0 

•79794 

99 

0 

■73350 

129 

0 

■67869 

10 

0 

"96460 

40 

0 

■87199 

70 

0 

■79561 

100 

0 

■73153 

130 

0 

67700 

11 

0 

•96120 

41 

0 

■86921 

71 

0 

■79329 

101 

0 

■72957 

131 

0 

67532 

12 

0 

"95782 

42 

0 

■86645 

72 

0 

■79099 

102 

0 

■72762 

132 

0 

67365 

13 

0 

•95446 

43 

0 

•86370 

73 

0 

■78870 

103 

0 

72568 

133 

0 

67199 

14 

0 

•95113 

44 

0 

■86097 

74 

0 

78642 

104 

0 

72376 

134 

0 

67034 

15 

0 

•94782 

45 

0 

•85826 

75 

0 

78416 

105 

0 

72184 

135 

0 

66870 

16 

0 

•94454 

46 

0 

•85556 

76 

0 

78191 

106 

0 

71993 

136 

0 

66706 

17 

0 

94127 

47 

0 

85289 

77 

0 

77967 

107 

0 

71803 

137 

0 

66543 

18 

0 

93803 

48 

0 

85022 

78 

0 

77745 

108 

0 

71615 

138 

0 

66380 

19 

0 

93482 

49 

0 

84758 

79 

0 

77523 

109 

0 

71427 

139 

0 

66219 

20 

0 

93162 

50 

0 

84495 

80 

0 

77304 

110 

0 

71240 

140 

0 

66059 

21 

0 

9^2844 

51 

0 

84234 

81 

0 

77085 

111 

0 

71055 

141 

0 

65899 

22 

0 

92529 

52 

0 

83974 

82 

0 

76867 

112 

0 

70870 

142 

0 

65740 

23 

0 

92216 

53 

0 

83716 

83 

0 

76651 

113 

0 

70686 

143 

0 

65582 

24 

0 

9190*5 

54 

0 

83460 

84 

0 

76436 

114 

0 

70503 

144 

0 

65424 

25 

0 

91596 

55 

0 

83205 

85 

0 

76222 

115 

0 

70321 

145 

0 

65268 

26 

0 

91289 

56 

0 

82952 

86 

0 

76010 

116 

0 

70140 

146 

0 

65112 

27 

0 

90984 

57 

0 

82700 

87 

0 

75798 

117 

0 

69960 

147 

0 

64957 

28 

0 

90682 

58 

0 

82450 

88 

0 

75588 

118 

0 

69781 

148 

0 

64802 

29 

0 

90381 

59 

0 

82201 

89 

0 

76379 

119 

0 

69603 

149 

0 

64648 

30 

0 

90082 

60 

0 

81954 

90 

0 

76171 

120 

0 

69425 

150 

0 

64495 
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bismutliic    .       .  459 

boric    .       .      .  229 
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liquefaction  of    4S,  170 

cMorhydric  .       .  189 
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chlorous      .       .  194 
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muriatic      .       ;  189 

niohic  .      .      .  4es 

nitric    ...  156 

nitrous       .      .  \r,l 
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perchromic  .       .  475 
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glacial      .      .  237 
phosphorous       .  236 
prussic        .      .  186 
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pyrosulphuric      .  212 
selenhydric  .       .  226 
selenic  .      .      .  225 
selenio-sulphuric  .  215 
selenious      .       .  225 
silicic   ...  231 
silicofluoric  .       .  233 
stannic        .       .  438 
sulphamic    .       .  361 
sulphocarbonlc   .  219 
sulphuric     .       .  209 
sulphurous  .       .  207 
sulphydric  .       .  215 
tellurhydric  .      .  228 
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Sprengel's   .      .  19 
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ratures    .      .  640 
Air-thermometer   .  25 
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I'eactions  of  .  337 
Alloys  .  .  .  305 
Mams  ...  391 
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Alurainates  .  .  391 
Aluminium  and  its 

compounds      .  388 
Aluminium  methide, 

vapour-density  of  265 
Aluminium  salts,  reac- 
tions of     .       394, 402 
Aluminium  silicates  393 
Alum  stone     .      .  392 
Amalgam,  ammoniacal  357 
Amalgamation  of  gold  372 
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Amalgams      .      .  427 
Amic  acids      .       .  301 
Amides    .       .       .  g^i 
Amidogen      .        263,  362 
Amines    .      .      .  31;;-; 
Ammonia       .      .  igg 
Ammonia,  liquid,  freez- 
ing of  water  by  tlie 
rapid  evaporation 
of  .      .      .  .51 
Ammoniacal  amalgam  357 
cobalt-compounds  500 
copper-compounds  418 
mercury-compounds  425 
platinum-compounds  512 
turpethum   .      .  4Hfj 
Ammonia -soda  pro- 
cess   .     .      .  gj- 
Ammonio-magnesian 

phospliate.      .  4]o 
Ammonium     .       164,  367 
alum    .       .  3112 
carbonates  .      .  359 
chloride      .       .  368 
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sulphate      .       .  851) 
sulphide      .       .  gn'i 
Amorphous  phos|ilinru8  235 
Ampere's  movable  wire  110 
thecn-y  of  mugnetiam  111 
Analcimo       .      ,  393 


544 
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hydride       .       .  447 
oxides  .       .       .  447 
salts,  reactions  of  450 
sulphides     .       .  449 
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Argand  lamp  .       .  182 
Argentic  and  argentous 

oxides      .      .  369 
Arragonitc      .       .  384 
Arsenates       .      .  453 
Arsenic    .       .  451 
chloride       .      .  452 
detection  in  organic 

mixtm'es  .       .  455 
hydrides      .       .  452 
oxides  .       .       .  452 
reactions  of  455 
sulphides     .      .  454 
Arsenites.      .       .  453 
Arsine     .      .       .  452 
Artiads   .  .  256 

Astatic  needle  .  108 
Atacamite  .  .  416 
Atraolysis  .  .  132 
Atmosphere,  composi- 
tion and  analysis  of  153 
physical  constitution 

of     .       .       .  15 
vapour  of  water  in  46 
Atmosplieric  electricity  103 
pressure      .      .  18 
Atomic  theoiy       .  128 
volume        .       .  253 
Atomic  weight,  defini- 
tion of      .      126, 244 
relation  of,  to  crys- 
talline foiTn     .  249 
relation  of,  to  specific 

heat  ...  247 
relation  of,  to  volume  250 
Atomic  weights,  tahle 

of     .      .      .  3 
Atomic  weights  of  ele- 
ments, periodic  law 


of     .      .       .  265 

Atomicity       .       .  256 

Atoms      .       .       12G,  242 
combination  of 

similar     .      .  258 

Attraction,  chemical  278 

electrical     .       .  96 

electro-dynamic  .  110 

magnetic     .      .  89 

Augite    ...  411 


I'AOE 

Auric  acid  and  oxide  373 
Auric    and  aureus 


compounds  .  373 

Avogadro's  law  .  252 
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Ear  iron  ...  492 
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Barometer      .       .  18 
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Bimsen's     .       .  297 
Cruikshank's      .  105 
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Baum^'s  hydrometer  533 
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Bivalent  elements  .  256 
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Black  flux  .  .  456 
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Boron'     ...  229 

chloride      .      .  230 
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nitride       .      .  230 
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Boulangerile  . 

449 
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20 

Brass 

418 

Braunite . 

504 

Britannia  metal 

450 

Bromic  acid  . 

198 

Bromides,  metallic 

313 

Bromine  . 

197 

Bronze 

418 

Brookite  . 

441 

Bunsen's  battery  . 

297 

Bunsen's  burner 

183 

Burette  . 

352 

Butter  of  antimony 

446 

C. 

Cadmium  and  its 

compounds 

413 

Caesium  . 

369 

Ca;sium  alum  . 

392 

Calamine 

411 

Calcium  and  its  com- 

pounds 

380 

Calcium-salts,  reactions 

of     .      .  . 

387 

Calomel  . 

421 

Calotype  process 

87 

Candle,  flame  of 

180 

Carbamic  acid 

362 

Carbamide 

362 

Carbides  of  hydrogen  172 

Carbides  of  iron     .  491 

Carbon    .      .      .  166 

chlorides     .       .  197 

bisulphide  .  .  218 
compounds  with 

oxygen  .       .  168 
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specific  heat  of   .  249 
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liquefaction  of   .  49 
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monosulphide     .  219 

Carbon  oxychlovidc  171 

oxysulphide       .  220 

sulphochloride    .  224 

Carbonates      .      .  170 

analysis  of  .       .  349 

Carbonic  acid        .  168 

estimation  of      .  352 

Cin  ticr's  liydrometer  534 
CaiT(5's  freezing 

machine  .      .  61 

Cassiterite      .       .  4SS 

Cassius,  purple  of  .  374 

Cast  iron        .       .  492 

Cast  steel  495 

Catalysis  .  .  .  280 
Cavendish's  eudiometer  139 

Cements  ...  SSI 

Ccrite     ...  397 

Ceiium    .      .       .  897 

Cervantite      .      .  448 
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Chalk      .      .  383 
Clmmeleon,  mineral  50C 
Change  of  stiite  pro- 
duced by  lieat  .  3G 
Cliarco.'il,  animal  and 

veiretable .  168 
Chemical  action,  influ- 
ence of  pressure  on  281 
Chemical  affinity   .  278 
relations    of  lieat 
to     .       .      .  283 
Chemical  combination 
and  mixture,  dis- 
tinction between  4 
Chemical  combination, 

general  laws  of  242 
Chemical  decomposi- 
tion, cold  produced 
by  .      .  286 

Chemical  rays  of  the 

solar  spectrimi  86 
Chlorates  .  .  195 
Clilorides,  metallic  311 
Chlorimetiy  .  .  386 
Chlorine  ...  186 
compounds  of,  with 

hydrogen     .  189- 
■with  nitrogen  .  196 
with  carbon     .      1 97 
with  oxygen    .  192 
Chlorites  ...  194 
Chloroform     .       .  24G 
Chloromethane      .  246 
Chlorous  or  acid  ele- 
ments     .      .  296 
Chromates      .      .  474 
Chrome-alum  .      .  393 
Chrome-yellow      .  474 
Chromium      .       .  471 
salts,  reactions  of  475 
Chrysoberyl    .      .  394 
Chrysolite      .      .  410 
Cinnabar        .      .  424 
Circular  polarisation 

ofhght    .       .  82 
Clark's  soap-test    .  382 
Classification  of  metals  306 
Clay       ...  393 
ironstone     .      .  491 
Cleavage  of  ciystals  269 
Coal-gas  .       .      .  175 
Cobalt     ...  499 
ammoniacal  com- 
pounds of       .  500 
Cobalt-salts,  reactions 

of  .  .  .  601 
Cobalt-ultramarine  602 


Cohesion        .       .  278 
Coils,     electro -mag- 
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and  of  natural  objects  74 
Columbium     or  Ni- 
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tinction between 

4 

Combination  by 
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by  weight   .  4,  125,  242 

Combustion  . 
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heat  of 

284 

Combustion,slow,  under 

the    influence  of 
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Compound  radicles 

263 

Condensation  of  gases 

and  vapours    .    45,  48 

Conduction  of  heat 
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tricity 

98 

Constancy  of  compo- 

sition          4,  125,  242 

Constant  battery 

296 

Contact  action 
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414 

alloys  . 

arsenite 

455 

carbon  ates  . 

417 

chlorides 

415 

compounds,  am- 

moniacal . 

418 

Tprrfipvo  T>i  H  A 

418 

hydride 

416 

nitrate  . 

417 

oxides  . 

416 

pyrites 

418 

salts,  reactions  of 

418 

sulphate 

417 

sulphides 

417 

Cork-borer 

129 

CoiTindum 

390 

Con'osive  sublimate 

420 

Crown  of  cups 

105 

Crown-glass  . 

403 

Crucibles 

407 

Cniikshank's  battery 
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Crj-olite  . 

.389 

Crystalline  fomi 

268 

Crystalline  form,  rela- 

tion of,  to  atomic 

weight 
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relation  of,  to  chemi- 

cal constitution 

275 
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lations between 
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Crystallisation 

268 

water  of 

143 

Crystalloids 
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dary forms  of  . 

272 
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compounds  .  415 
Cyanides,  metallic  316 
Cyanite  ...  393 
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Davy  lamp  .  .  184 
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Decolorisation  by  char- 
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Decomposition,  electro- 
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De  la  Eivo's  floating 
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Density  ...  6 
of  vapours,  determiu- 


ation  of    .  .1 
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Dew-point 

46 

Dialysis  . 
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Diamagnetio  bodies 

92 

Diamond 

166 

Diaspore  . 

390 

Didymium      .       397, 400 

Diffusion  of  gases  . 
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of  liquids  . 
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Dimercurammonium 

salts  . 

42G 

Dimorphism  . 

269 

Dispersion  of  liglit  . 

73 

Disposing  influence 

280 

Dissociation  . 

281 

Distillation 
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Dlsulphuric  acid 

212 

Dithionic  acid 

214 

Double  refraction  . 

81 

Double  salts  . 

322 

Ductility  of  metals  . 

304 

Dyads      .      .  256, 
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Dynamical  theory  of 

heat  . 

63 
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Earthenware  , 

405 

Eartli-metals  . 
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reactions  of 

402 

Ebullition 

39 

Eillorescence  . 
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Effusion  of  gases 
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Electric  attraction  and 

repulsion  . 
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Electric  battery 
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Ferric  and  ferrous 
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red  and  green     .  379 

Fire-damp       .      .  172 

Flame,  conditions  of  177 

luminosity  of      .  179 
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Gas-holder      .       .  119 
German  silver        .  408 
Geyser  springs  of 
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379 
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Green  fii'e 
Greenockitc  . 
Green  salt  of  Magnus 
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Hardness  of  water  .  382 
HaiTison's  freezing 

luiichine    .      .  51 
Ilausmaimite  .      .  506 
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conduction  of     .  31 
developed  by  the 
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developed  by  friction  61 
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expansionlproduced  by  62 
latent,  of  fusion  .  36 
latent,  of  vaporisation  39 
mechanical  equiva- 
lent of  .  .  61 
of  combustion     .  284 


relations    of,  to 

chemical  affinity  283 

relations  of,  to  work  60 

sources  of    .       .  59 

specific ...  32 

of  elements  .  248 
Heating  rays  of  the 


solar  spectram  .  86 
Heavy  spar  .  .  378 
Helices,  right  and  left 

handed  .  .  109 
Helvite  ...  394 
Hemihedral  crystals  273 
Hemming's  safety-jet 

135,  185 

Hepar  sulphuris  .  342 
Heptads  267,  309,  486 

Heulandite      .       .  394 
Hexads    .      .        256,  309 
Hornblende     .      .  411 
Horn  silver     .      .  368 
Hydrates        .      .  143 
Hydriodic  acid       .  199 
Hydrobromic  acid  .  197 
Hydrocarbons .       .  172 
Hydrochloric  acid  .  189 
Hydrocyanic  acid    .  186 
Hydrofluoric  acid   .  203 
Tlydrofluosilicic  acid  232 
Hydrogen       .      .  129 
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carbides      .      .  172 
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combination  of,  witli 
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Hyiiosulphophospliites  241 
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Ice-making  machines 
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Ice,  melting  of 

36 

Ignition  . 

177 

Incandescence 
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Incrustations  in  boilers 

383 

Index  of  refraction 

72 

Indium  . 

433 

Induction  coil 

114 

Induction,  electric  . 

97 

electi'o-magnetic 

111 

magnetic 

90 

magneto-electric 

112 

Ink,  blue,  sympathetic 

499 

Insulation,  electric  . 

98 

Iodic  acid 

200 

Iodides,  metallic 

314 

Iodine 

-198 

and  nitrogen 

201 

and  oxygen 

200 

chlorides 

201 

Iridium  . 

523 

ammoniacal  com- 

pounds of 

626 

salts,  reactions  of 

526 

Iron  .... 

486 

carbonate 

490 

cast,  heat  developed 

by  friction  of    .  63,  492 

chlorides 

487 

cyanides 

317 

iodides . 

488 

nitrates 

490 

oxides 

488 

phosphates  .  .  490 
salts,  reactions  of  491 
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Iron  manufacture  .  491 

Iron  metals     167  310,  486 

Isomorphism  249,  275 
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Labarraque's  disin- 
fecting fluid    .  3S5 
Lalces     .       .       .  390 
Lamp,  argand        .  182 
Lampblack      .      .  168 
Lamp,  gas-     .       .  182 
safety-              .  184 
spirit-  .       .       .  182 
without  fiame     .  137 
Lanthanum    .       397, 400 
Lapis  lazuli    .       .  356 
Latent  heat  of  fusion  36 
vaporisation       .  39 
Laughing-gas        .  159 
Laumontito    .       .  394 
Law  of  Avogadro  .  252 
Boyle  and  Mariotte  20 
Dulong  and  Petit  247 
Gay  -  Lussac  and 
Humboldt  '     .  351 
Law  of  equivalents  242 
Law  of  even  numbers  258 
Law  of  multiples    126,  242 
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atomic  weights  of 

the  elements  .  265 
Laws  of  combination 
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Laws  of  combination 

by  weight       125,  242 
Lead      .      .      .  442 
alloys  .       .       .  445 
carbonate    .      .  444 
chloride      .       .  442 
oxides  ;       .      .  443 
red      ...  443 
salts,  reactions  of  445 
sulphide      .       .  442 
tree     ...  299 
vanadate     .       .  463 
white  .       .       .  444 
Lenses    .       .  73 
Lepidolite      .       .  364 
Leucopliane   .       .  394 
Leyden  jar     .       .  101 
Liebig's  condenser  .  43 
Light     ...  70 
blue  or  Bengal    .  461 
chemical  rays  of .  86 
dispersion  of  73 
reflection   and  re- 
fraction of      .  71 
polarised          .  gl 
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Light,  velocity  of  .  70 
Lightning  rods  .  103 
Lime  .  .  .  381 
Lime,  chloride  of  .  384 
Limestone  .  .  383 
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of  incandescent  va- 
ponrs  .  .  77 
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spectrum  .      .  75 
Liquefaction  of  gases  47 
of  carbonic  acid  49,  170 
Liquid  elements  and 
compounds,  spe- 
cific volumes  of  255, 


254 

Liquids,  boiling  points 

of     .       .      .  39 
complete  vaporisation 
of,  nnder  great 
pressure  .      .  50 
diffusion  of  .       .  145 
expansion  of      .  27 
latent  heat  of     .  36 
osmose  of    .      .  147 
specific  gravity  of  7 
specific  volume  of  254 
vaporisation  of    .  38 
'Litharge  .      .  443 
Lithium  ...  364 
Liver  of  sulphur     .  342 
Loadstone      .       .  89,  488 
Luminosity,  conditions 

of     .  179 
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Magnesia       .      .  409 
Magnesia  alba       .  410 
Magnesium     .       .  407 
carbonate    .      .  410 
chloride       .       ,  408 
phosphates  .      .  410 
salts,  reactions  of  411 
silicates      .       .  410 
sulphate     .      .  409 
Magnet,  action  of  the, 
on  the  electric  cur- 
rent ...  109 
Magnetism     .      .  89 
Magnetism,  induction  of, 
by  the  electric  cur- 
rent ...  Ill 
Ampfere's  theory  of  111 
Magneto-electricity  112 
Magnets,  induction  of 
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by  the  action  of  112 
Magnus,  gi'een  salt  of  513 
Malachite      .      .  417 
Malleable  Iron       .  492 
Malleability  of  metals  303 
Manganatcs    .      .  SOG 
Manganese     .       .  502 
chlorides     .       .  503 
fluorides     .      ,  504 
oxides  .      .  504 
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Marble    ...  381 
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Marl       ...  393 
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Marsli's  teat  for  arsenic  457 
Massicot  .       .      .  443 
Measures        .       .  538 
Mechanical  equivalent 
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alloys  .      .       .  427 
chlorides     .       .  420 
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expansion  of,  by  heat  27 
heat  developed  by 

friction  of  .  63 
iodides  .  .  422 
nitrates  .  ,  423 
oxides  .  .  .  422 
sulphates  .  .  424 
Bulphides  .  .  424 
salts,  reactions  of  426 
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Meridian,  magnetic  89 
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Metallammoniums  .  363 
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Metals     ...  302 
chemical  properties  of  305 
classification  of  .  306 
electric  precipitation 
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physical  properties  of  304 
table  of  specific 
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Metaphosphates  .  326 
Metastaniiates  .  43S 
Metatungstates  .  481 
Metavanadates  .  463 
Meteorites  .  .  486 
Methane  ...  172 
Methide,  aluminium  265 
Mica  ...  394 
Microcosmic  salt  .  355 
Mineral  chameleon  506 
Mineral  waters  .  142 
Miner's  safety-lamp  184 
Mixture  and  com- 
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tion between  .  4 
Mohr's  bm'elte  .  351 
Molecular  actions  .  278 
Slolecules  .  126,  242 
Molybdenite  .  .  4S3 
Molybdenum  .  .  483 
Monads  .      .       256, 307 
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391 

Mortar 

381 

Mosaic  gold  . 

439 

Multiplier 

108 

Multiples,  law  of  126, 

242 

Muriatic  acid  . 

189 

N. 

Nephelin 

393 

Neutrality  of  sail  a  . 

324 

Nickel 

496 

Niobium  . 

468 

Nitrates  . 

156 

Nitre 

336 

cubic  . 

346 

Nitric  acid 

156 

anhydride  . 

156 

Nitride  of  boron 

2.30 

Nitrides,  metallic  . 

163 

Nitrogen 

151 

chloride 

196 

compounds  with 

oxygen . 

155 

with  hydrogen 

163 

with  boron 

230 

dioxide 

160 

iodide  . 

201 

monoxide  . 

159 

pentoxide 

156 

tetroxide 

161 

trioxide 

161 

Nitrous  acid  . 

161 
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Nomenclature 
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of  salts 

124 

Non-conductors  of  elec- 

tricity 

98 

Nordhansen  sulphuric 
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Notation,  chemical 

123 
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Occlusion  of  gases  . 

133 

Oil  gas 

175 

Oil  of  vitriol  . 

211 

Olefiant  gas  . 

173 

Oi-piment 

454 

Orthophosphatcs 

326 

Osmianiic  acid 

532 

Osmium 

530 

Osmose  of  gases 

1.33 

of  liquids 

147 

Oxides 

123 

metalUc 

317 

Oxygen  . 

116 

combination  of,  with 

hydrogen 

134 

preparation  of,  from 

atmospheric  air  for 

industrial  use  . 

149 

Oxygen-salts  .  124,  317 
Oxy-liydrogen  flame 

and  bIow])ipo  .  135 
.safcty-jct     .       136,]  85 
Ozone  121, 25S 
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Pallacliiim 
iinunouiacal  com- 
pounds of 
Paramagnetic  bodies 
Parapliosphates     .  327 
Pearl-ash       .      .  339 
Pentads  .       .       256, 308 
Pentathionic  acid  .  215 
Perehlorates  .      .  195 
Periodates     .       .  200 
Periodic  law  of  the 
atomic  weights  of 
the  elements  . 
Perissads 
Pemanganates 
Peroxide  of  chlorine 
Persulphide  of  hydro- 
gen . 
Petalite  , 
Petuntze 
Pewter  . 
Phenacite 

Philosopliy,  chemical 
Phosgene  gas  . 
Phosphates 
Pliosphide  of  calcium 
Phosphine 

Phosphoretted  hydro- 
gen . 

phosphoric  acid  237, 
Phosphorous  acid 
Phosphorus 

amorphous  . 

bromides 

chlorides 

hydride 

iodides 

selenides     .  .   

specific  volume  of  251, 254 
sulphides  .  .  240 
Photography  .  .  86 
Photolithogi-aphy  .  88 
Pitchblende  .  .  476 
Plaster  of  Paris  .  382 
Plate  glass  .  .  403 
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By  tilbury  FOX,  M.D.,  F.R.C.P., 
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The  complete  Work,  Half-Morocco,  £6,  6s. 


No  Atlas  of  Skin  Diseases  has  laeen  issued  in  this  country  for 
many  years,  and  no  complete  work  of  the  kind  is  now  procurable  by  . 
the  Profession.  The  present  work,  brought  out  under  the  editorial 
care  and  supervision  of  Dr.  Tilbury  Fox,  is  partly  based  upon  the 
classical  work  of  Willan  and  Bateman  (now  entirely  out  of  print), 
but  completely  remodelled,  so  as  to  fully  represent  the  Dermatology 
of  the  pi'esent  day. 

The  work  is  completed  in  eighteen  monthly  parts,  each  containing 
forvr  plates  (several  figures),  all  coloured  and  executed  in  the  best 
style  of  chromo-lithography,  with  descriptive  letter-press.  Many  of 
the  plates  are  made  from  original  drawings  most  satisfactorily  exe- 
cuted from  life.  The  chief  aim  of  the  Editor  has  been  to  portray, 
not  so  much  the  uncommon,  as  the  common  forms  of  skin  diseases, 
that  the  Atlas  may  be  a  trustworthy  and  practical  book  to  meet  the 
requii'ements  of  daily  practice. 


"We  are  inclined  to  think  that  our  coirntrymen  generally  will 
give  pi'eference  [over  the  Sydenham  Society's  reproduction  of  Hebra] 
to  this  ])rivate  English  venture  ;  not  simply,  however,  because  it  is 
a  home  pi'oduction,  but  by  reason  of  the  manner  of  its  execution,  the 
excellent  delineation  of  disease,  and  the  natural  coloming  of  the 
plates." — Jirit.  and  For.  Med.-Ghir.  Review. 

"  Judging  from  the  merits  of  the  drawings  in  this  part,  we  have 
little  hesitation  in  saying  that  the  completed  work  will  prove  to  be 
one  of  the  best  atlases  of  the  more  common  forma  of  sltin  diseases 
extant." — Lancet. 


London  :  J.  &  A.  Churchill. 
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OF 

CLINICAL  SUEGEEY, 

CONBISTING  OF 

Plates,  Photograplis,  Woodcuts,  Diagrams,  &c., 
Illustrating  Surgical  Diseases,  Symptoms,  and  Accidents, 
Also  Operations,  and  other  Methods  of  Treatment. 

WITH  DESCRIPTITE  LETTERPRESS. 

By  JONATHAN  HUTCHINSON,  F.E.C.S., 

Senior  Surgeon  to  the  London  Hospital,  Surgeon  to  the  Hospital  for  Diseases  oj 
the  Skin,  Blackfriars,  and  to  the  Royal  London  Ophthalmic  Hospital. 

In  Quarterly  Fasciculi.    Imp,  4to,  6s.  6d.  each. 


During  the  last  twenty  years  the  author  has  gradually  formed  . 
a  considerable  Collection  of  Drawings,  Photographs,  &c.,  illustrating 
a  great  variety  of  subjects  in  relation  to  the  Practice  of  Sui'gery  in 
general,  and  more  especially  with  regard  to  the  signification  of 
symptoms.  A  selection  of  these  is  now  in  course  of  publication. 
The  work  appears  quarterly,  in  separate  fasciculi,  each  complete  in 
itself,  and  accompanied  by  explanatory  letterpress.  In  selecting 
subjects,  preference  is  given  to  those  which  bear  directly  on  important 
points  of  diagnosis  and  treatment,  and  more  especially  to  illustrations 
of  facts  which  have  been  only  recently  established,  and  are  not  yet 
widely  recognised. 


"  It  is  long  since  an  undertaking  more  creditable  to  British  Sur- 
gery has  been  commenced." — British  Medical  Journal. 

"  The  first  fasciculus  contains  four  plates  of  the  highest  order  ^ 
excellence,  not  only  as  representations  of  diseases,  but  as  examples  o 
artistic  skill." — Lancet. 

"  Mr  Hutchinson  is  a  good  surgeon,  a  sound  thinker,  and  a  most 
pleasing  writer." — Dublin  Medical  J ournal. 
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